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Description 

The present Invention relates to a novel reinforced rubber composition having an excellent productivity, 
processabillty, and yet an excellent modulus, strength and crack growth resistance of a vulcanized product 
5 thereof, and a process for the production thereof. 

The excellent characteristics of the reinforced rubber composition of the present invention enable it to 
be used for products such as tire inner members, such as the belt, carcass, bead, etc., tire outer members, 
such as the tread, sidewall, etc., rubber parts for automobiles, industrial products such as belts, hoses, etc., 
and as footwear materials, etc. 
10 The present invention also relates to a bead filter rubber composition having an excellent processability 
with a small Mooney viscosity (ML), which can produce a vulcanized product having a good flexurai crack 
growth resistance. 

The present invention further relates to a tire for an automobile in which a rubber composition having an 
excellent processability and a small Mooney viscosity (MU is used for the cap tread rubber. 

75 The present invention still further relates to a rubber crawler which has an improved cut resistance and 
moldability and by which the weight of an article is reduced. (The term "crawler", for example with 
reference to Crawler Cranes, is commonly used with reference to caterpillar treads or heavy-duty wheels). 

In the prior art, reinforced rubber compositions to be used for respective members of tires have been 
produced by formulating short fibers of nylon, polyester, vinylon, etc. with a vulcanizable rubber. However, 

20 the thus obtained reinforced rubber compositions have greater fiber diameters and no bond between fibers 
and the rubber. Accordingly, the vulcanized product does not have a sufficient modulus and strength, 
particularly the modulus and strength at high elongation, and there is a demand for the development of a 
reinforced rubber composition having a greater modulus and strength. 

Accordingly, an elastomer reinforcing process comprising kneading a polymer capable of fiber forma- 

25 tion with a rubber and then extruding the kneaded product, and a reinforced elastomer composition, have 
been proposed (see Japanese Unexamined Patent Publication (Kokai) No. 53-8682). However/according to 
this process, thick fibers or films of polymers are formed, and because of an absence of bonding between 
rubber and the polymer (fibers) at the fiber interface, the tensile strength and modulus at a high elongation 
and the peel-off strength, I.e., adhesive force with other various substrates are low, and thus a reinforced 

30 rubber composition usable as tire members cannot be obtained. 

Japanese Examined Patent Publication (Kokoku) No. 55-41652 discloses a process for the production of 
a reinforced rubber composition comprising kneading a vulcanizable rubber with powdery 1,2-poly- 
butadiene, extruding the kneaded product, and then rolling the extrudate with rolls. The reinforced rubber 
composition according to this process, although the vulcanized product thereof exhibits high modulus, high 

35 elongation, high strength, and high peel-off strength, has a low strength of the fibers formed from 1,2- 
polybutadiene and, therefore, during rubber processing, particularly during kneading with carbon black, 
fibers are cut and the fiber lengths shortened, and thus a drawback arises in that the stress at low 
elongation of the vulcanized product is small. 

Accordingly, to improve the drawbacks of the reinforced rubber compositions known in the art, the 

40 present inventors have proposed a process for the production of a reinforced rubber composition compris- 
ing melt extruding a composition containing a block copolymer of liquid diene type rubber and nylon 
formulated in a vulcanizable rubber to form nylon into fibers, and at the same time, graft the vulcanizable 
rubber to the liquid diene type rubber (Japanese Unexamined Patent Publication (Kokai) No. 58-19342). 
However, this production process does not have a good reproducibility of the block polymerization and has 

45 a high cost, and thus problems arise in the practical application thereof. 

Further, the present inventors, to obviate these drawbacks, proposed a reinforced rubber composition 
including fine potyamide fibers buried in a vulcanizable rubber and having a vulcanizable rubber graft 
bonded to the fibers at the fiber interface through a precondensate of phenol formaldehyde (Japanese 
Unexamined Patent Publication (Kokai) No. 60-186550). 

so However, although this reinforced rubber composition has an excellent productivity, processability and 
can give a vulcanized product having an excellent modulus, tensile strength and adhesiveness, etc. at a low 
elongation and high elongation, a drawback arises in that the crack growth resistance is low, and therefore, 
the uses thereof have been remarkedly limited. 

EPDM rubber, which is an ethylene-propylene-diene copolymer, has an excellent heat resistance and 

55 weathering resistance, and has been utilized widely for rubber products for industrial uses, such as a 
material for heat resistant rubber hoses, heat resistant rubber belts, rubber vibration isolators, sponge 
rubbers, etc. When an ordinary EPDM rubber is provided for the production material of the above products, 
various reinforcing agents are formulated, depending on the kind of product. Examples of such reinforcing 
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agents may include inorganic reinforcing agents such as carbon black, silica, magnesium carbonate, 
magnesium silicate, and organic reinforcing agents such as phenol-formaldehyde resin, polyamide fiber, 
aramide fiber, polyester fiber, etc. 

The EPDM rubber composition formulated with the above reinforcing agent has an Increased green « 

s strength in the unvulcanized state, and the vulcanized product exhibits a high modulus, but a large amount 
of the reinforcing agent must be formulated to increase the effect thereof. However, when a large amount of 
the above reinforcing agent is formulated, the flowability and roll processability are reduced, and the surface * 
smoothness of the extrudate during extrusion molding Is lowered, and therefore, productivity is lowered and 
the practical value of the product is reduced. Also, among the above organic reinforcing agents, when an 

w organic fiber is used as the reinforcing agent, ordinarily an RFL treatment is applied to the above organic 
fiber to enhance the adhesiveness or close contact of said organic fiber with EPDM rubber, but an adequate 
RFL treatment method has not been developed as yet. 

For the above reasons, the above reinforcing agent cannot be formulated in a large amount in EPDM 
rubber, and therefore, the green strength of EPDM rubber cannot be sufficiently increased. Accordingly, in 

75 the production steps of rubber products for extrusion, a cumbersome step of semi-vulcanization is 
incorporated in the course thereof, a mandrel to prevent mold deformation is inserted, or special 
vulcanization equipment is required; and thus the steps become complicated and cause an increase of 
costs. 

Also, due to the absence of an adequate RFL treatment method, the interfacial bond between organic 
20 fiber and EPDM rubber is weak, and in the tensile test of the vulcanized product, voids are generated In the 
vicinity of the interface of the above organic fiber in the elongation process, with the result that the tensile 
strength is lowered and elongation at break is reduced. 

Also, in an EPDM composition formulated with an inorganic reinforcing agent with a low reinforcing 
effect, such as silica, magnesium carbonate, magnesium silicate, calcium carbonate, clay, alumina, etc., 
25 because of a low green strength, special techniques and equipment are required for the production of 
hollow products or extruded products having complicated cross-sectional shapes, whereby the shape of the 
products is limited. 

Further, as a method for enhancing the green strength of the EPDM rubber composition, it has been 
known to formulate an EPDM rubber with higher ethylene content, but the above green strength can be 
30 increased at most two-fold by formulation of said EPDM rubber. Also, as a result of this formulation, a lower 
freeze resistance due to crystallization of an ethylene component and a lower crack growth resistance for 
reasons not clarified, etc. may occur. 

Further, as shown in (i) to (vi) given below, various rubber compositions and resin compositions have 
been known in the art, but these cannot satisfy the productivity and processability, and cannot satisfy the 
35 good mechanical properties of vulcanized products and molded products. 

(i) EP-A-0 150 598 discloses a composition containing essential components of a tackifier, a vulcanizable 
synthetic rubber, a thermoplastic rubber having an amide group, a novolac type phenol resin, and a 
formaldehyde donor. This composition, as is apparent specifically from Example 13 in the above 
published specification, comprises a tackifier, EPDM, 6-nylon short fibers, a novolac type phenol resin 

40 and hexamethylenetetramine as the essential components, and the above EPDM and the above 6-nylon 
short fibers are grafted through the novolac type phenol resin. 

(ii) Japanese Unexamined Patent Publication (Kokai) No. 61-120855 discloses a composition comprising 
essential components of a polyphenylene ether, a polyamide and a silane derivative. In this resin 
composition, although the graft reaction product of the polyphenylene ether and polyamide through the 

45 silane derivative may be estimated to exist, neither the polyphenylene ether nor the polyamide are in the 
form of short fibers, and no chemical bond exists between the rubbery high molecular weight polymer of 
50% by weight or less contained in the resin composition and the polyphenylene ether or the polyamide. 

(iii) Japanese Unexamined Patent Publication (Kokai) No. 49-104992 discloses an adduct obtained by 
heating a mixture of an ethylene-a-olefin-non-conjugated diene copolymer and maleic anhydride. 

so 0 V ) Japanese Unexamined Patent Publication (Kokai) No. 51-143061 discloses a poly-phase thermoplas- 
tic composition having fine specific polymers dispersed in a matrix of a polyamide. 

(v) Japanese Unexamined Patent Publication (Kokai) No. 54-63150 and Japanese Unexamined Patent < 
Publication (Kokai) No. 54-63151 disclose a polyamide type resin composition comprising essential 
components of a polyamide type resin, an epoxy modified olefin polymer, and a lubricant. 
55 (vi) Japanese Unexamined Patent Publication (Kokai) No. 60-63242 discloses a composition of EPDM * 
and a thermoplastic resin having an aromatic vinyl monomer grafted onto EPDM. 
Further as shown in (vii) to (ix) below, various rubber compositions have been known in the art, but 
these cannot satisfy the required strength and form maintenance characteristic in the unvulcanized state 
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and the physical properties of the vulcanized products such as the modulus, etc. 

(vii) Japanese Unexamined Patent Publication (Kpkai) No. 55-59950 discloses, for an improvement of the 
adhesiveness of fibers subjected to RFL treatment and an EPDM rubber composition, a rubber 
-composition in which a methylene group generating agent (methylene donor) is formulated in a mixture 

5 of said fibers with said EPDM composition. 

(vili) Japanese Unexamined Patent Publication (Kokai) No. 58-56837 discloses, for cancelling weld 
defects generated during extrusion molding or injection molding of a rubber, a rubber composition in 
which a methylene acceptor and a methylene donor are formulated in a rubber, 
fix) Japanese Unexamined Patent Publication (Kokai) No. 60-139729 discloses a composition containing 

w essential components of a tackifier, a vulcanizable synthetic rubber, a thermoplastic rubber having an 
amide group, a novolac type phenol resin, and a formaldehyde donor. 

As described above, to prepare a rubber composition with an enhanced form maintenance characteristic 
of the unvulcanized product and high modulus of the vulcanized product, a large amount of reinforcing 
agent must be formulated, but formulation of a large amount of reinforcing agent will reduce the flowability 

75 and remarkable worsen the processability during rolling and extrusion molding. Moreover, the vulcanized 
product formulated with a large amount of a reinforcing agent, although exhibiting a high modulus, will 
generally have a reduced tensile strength. 

Recently, as more high-speed roads such as highways are built, a greater high speed durability is 
demanded of tires. Tires become more susceptible to a standing wave phenomenon as they are run at 

20 higher speeds, which may lead to punctures of the tires, as is well known. As one effective approach to an 
inhibition of the standing wave phenomenon, an improvement of the rigidity at the bead portion has been 
considered. Also, since a higher modulus of the bead portion also has an effect of reducing the rolling 
resistance, the bead filler rubber preferably has a high modulus. 

On the other hand, once the standing wave phenomenon is generated, the bead portion is greatly 

25 deformed and, therefore, from the standpoint of safety, the bead filler rubber must have a good crack 
growth resistance so that tire punctures are not immediately caused. Thus, as conditions necessary for the 
bead filler rubber to bring an improvement of the high speed durability of a tire, a high modulus and good 
crack growth resistance are necessary. 

Various methods have been proposed for obtaining a rubber with a high modulus, but these all have 

30 their respective problems. The method in which carbon black is formulated in a large amount is not 
preferable because the rubber cannot be well cohered during the processing steps, the power load is 
increased during banbury mixer kneading, and difficulties are encountered in tire molding working due to an 
increased ML of the formulation. The method in which sulfur is formulated in a large amount poses the 
problems of a blooming of sulfur, a remarkable reduction in physical properties such as flexural crack 

35 growth due to an increased crosslinking density, etc. Also, the method of adding a thermosetting resin, 
which is one method of imparting a high modulus, is subject to severe restrictions in the preparation 
conditions thereof, such as a prolonged kneading time for obtaining a good dispersion of a thermosetting 
resin, which is required because of the low compatibility of a large amount of a thermosetting resin with 
natural rubber or diene type rubber, etc. Also, a kneaded batch formulated with a large amount of a 

40 thermosetting resin is relatively hard even when not vulcanized, and therefore, loading becomes greater or 
the molding workability is reduced during kneading and extrusion. Also, the method of merely formulating 
short fibers poses the problems of an increased creep or lower fatigue life due to an insufficient bonding 
between the short fibers and the rubber. 

Generally speaking, tires must have an excellent drivability and durability, etc., particularly an excellent 

45 wet skid resistance on wet road surfaces from the aspect of safety. Also, based on social demands for a 
conservation of resources in recent years, to effect a reduction in dynamic loss In tires, tires with a small 
rotatory resistance, namely with a small energy loss, have been researched and developed. Although the 
energy loss consumed in freely rotating tires may vary, depending on the structure of the tire, about 1/2 of 
the total energy is consumed at the tread portion. Accordingly, if the internal consumption in the tread 

so rubber can be reduced, the energy loss during rotation of a tire can be reduced to produce a tire with a low 
rotational resistance. 

Accordingly, attempts have been made to modify the tread rubber to obtain a lower energy loss. 
However, such a modification of the rubber tends to lower the wet skid resistance. Since an improvement of 
the rotatory resistance and an improvement of wet skid resistance are antagonistic to each other, various 
55 improvements and contrivances have been made to make these matters compatible with each other. One 
contrivance Is to form the tread from two layers of a cap tread and a paste tread. That is, by forming a tire 
with two layers of a cap tread with a good wet skid resistance and a paste tread with a small energy loss, 
the wet skid resistance of the tire as a whole is lowered, and the energy loss is also lowered. 
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As the rubber for the cap tread, in addition to the wet skid resistance and abrasion resistance, a high 
modulus for a high speed running performance as well as a low viscosity capable of an easy flow even to 
corners of a complicated tread pattern of a mold are required. 

Various methods have been attempted for obtaining a rubber with a high modulus, but all have their 

5 problems. The method in which carbon black is formulated in a large amount is not preferable because the 
rubber cannot be well cohered during the processing steps, the power load is increased during banbury 
mixer kneading, and difficulties are encountered in tire molding working due to an increased ML of the 
formulation. The method in which sulfur is formulated in a large amount poses the problems of a blooming 
of sulfur, and a remarkable reduction in physical properties such as flexural crack growth due to an 

io increased crosslinking density, etc. Also, the method of adding a thermosetting resin, which is one method 
of imparting a high modulus, Is subject to severe restrictions in the preparation conditions thereof, such as a 
prolonged kneading time for obtaining a good dispersion of a thermosetting resin, which is required 
because of the low compatibility of a large amount of a thermosetting resin with natural rubber or diene type 
rubber, etc. Also, a kneaded batch formulated with a large amount of a thermosetting resin is relatively hard 

T5 even when not vulcanized, and therefore, loading becomes greater or the molding workability is reduced 
during kneading and extrusion. Also, the method of merely formulating short fibers poses the problems of 
an increased creep or lower fatigue life due to an insufficient bonding between short fibers and the rubber. 

The performances demanded of rubber crawlers running primarily on non-level ground surfaces, such 
as for vehicles for construction, farm tractors, combat tanks, snow mobiles, etc., are; a resistance to defects 

20 or damage of the elastic tread rubber material caused by contact with projections from the ground, and an 
abrasion resistance. 

Although various attempts have been made to improve the cut resistance and abrasion resistance of 
rubber materials for a rubber crawler, these proved to be unsatisfactory because any improvement of the 
cut resistance or abrasion resistance (evaluated by picoabrasion) was unsatisfactory, and resulted in an 
25 increased Mooney viscosity of the rubber composition or the need for a more complicated molding method, 
thus reducing the moldability of the rubber materials. 

More specifically, even if a rubber composition with an increased amount of carbon black formulated 
therein is used to improve the cut resistance and abrasion resistance of rubber materials, the cut resistance 
and abrasion resistance can be improved only a little, and drawbacks arise, such as the Mooney viscosity of 
30 the composition becomes higher and the weight of the product is increased. On the contrary, when a rubber 
composition with a decreased amount of carbon black is used, a drawback arises in that the cut resistance 
and abrasion resistance are reduced. 

On the other hand, the method of adding 5 to 30 PHR of nylon cut fibers to a rubber may improve the 
durability to some extent, compared with the rubber without the added fiber, but the cut fibers must be 
35 oriented vertically to the contact ground surface, probably because cut fibers not bonded with rubber are 
used, and therefore, the moldability is very bad. 

Accordingly, the present invention seeks to eliminate the above-mentioned disadvantages of the prior 
art, especially, a low productivity and crack growth resistance, and to provide a reinforced rubber 
composition having an excellent productivity, processability, and an excellent modulus and tensile strength 
40 at a low elongation and high elongation, particularly the crack growth resistance, of a vulcanized product, 
and a process for the production thereof. 

The present invention also seeks to provide a rubber composition having a high strength and high form 
maintenance characteristic in the unvulcanized state and having a high modulus of the vulcanized product. 
The present invention further seeks to provide a bead filler rubber composition having an excellent 
45 productivity, processability, and capable of providing a vulcanized product with a high modulus and good 
flexural crack growth resistance. 

The present invention still further seeks to provide a tire for an automobile having an excellent 
moldability and a good high speed running performance, wet road gripping characteristic and abrasion 
resistance, by formulation of a special rubber composition, 
so The present invention still further seeks to provide a rubber crawler having an excellent moldability and 
good durability. 

In accordance with the present invention, there is provided a reinforced rubber composition comprising 
100 parts by weight of a vulcanizable rubber including 1 to 100 parts by weight of fine short fibers, having 
an average diameter of 0.05 to 0.8 urn of a fiber-forming polyamide buried therein, and said polyamide and 
55 said rubber being bonded through a silane coupling agent at the interfaces of said short fibers wherein said 
coupling agent is present in an amount of 0.1 to 5.5 parts by weight per 100 parts by weight of said 
polyamide. 

In accordance with the present invention, there is also provided a process for producing a reinforced 
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rubber composition comprising the steps of kneading a composition comprising 100 parts by weight of a 
vulcanizable rubber, 1 to 100 parts by weight of a fiber-forming polyamide and 0.1 to 5.5 parts by weight of 
a silane coupling agent per 100 parts by weight of said polyamide at a temperature not lower than the 
melting point of said polyamide; and extruding the resultant kneaded product at a temperature not lower 

5 than the melting point of said polyamide and not higher than 300* C. 

In accordance with the present invention, there is further provided a reinforced rubber composition 
comprising 100 parts by weight of an ethylene-propylene-diene copolymer rubber including 2 to 100 parts 
by weight of fine short fibers, having an average diameter of 0,05 to 0.8 urn of a fiber-forming thermoplastic 
polyamide buried therein, and said polyamide and said copolymer rubber being bonded through 0.2 to 5 

io parts by weight (the amount based on 100 parts by weight of the total amount of said copolymerrubber and 
said polyamide) of a coupling agent at the interface of said short fibers. 

In accordance with the present invention, there is further provided a rubber composition having high 
form maintenance characteristic in the unvulcanized state and a high modulus of the vulcanized product, 
comprising a reinforced rubber composition (A) comprising fine short fibers, having an average diameter of 

75 0.05 to 0.8 urn, of a fiber forming thermoplastic polyamide dispersed in a continuous phase comprising an 
ethylene-propylene-diene copolymer rubber, said polyamide and said copolymer rubber being bonded at 
the interfaces of said short fibers through a novolac type phenol resin or a coupling agent, in the ratio of 0.2 
to 5 parts by weight per 100 parts by weight of the total amount of the EPDM copolymer rubber and the 
polyamide, wherein the amount of said polyamide is from 2 to 70 parts by weight per 100 parts of said 

20 copolymer rubber, and a methylene acceptor (B) and a methylene donor (C) formulated in said reinforced 
rubber composition each in an amount of 0.1 to 10 parts by weight per 100 parts by weight of said 
copolymer rubber. 

In accordance with the present invention, there is still further provided a bead filler rubber composition 
comprising a formulation of a reinforced rubber composition (A) comprising 100 parts by weight of a 
25 vulcanizable rubber including 5 to 100 parts by weight of fine short fibers, having an average, diameter of 
0.05 to 0.8 urn, of a fiber-forming polyamide buried therein, and said polyamide and said rubber being 
bonded through a silane coupling agent at the interfaces of said short fibers wherein said coupling agent is 
present in an amount of 0.1 to 5.5 parts by weight per 100 parts by weight of said polyamide, a diene type 
rubber (B) and carbon black (C), and also satisfying the conditions (I) to (IV) shown below: 
30 (I) the amount of said polyamide is 2 to 20 parts by weight per 100 parts by weight of the total rubber 
component; 

(II) at least natural rubber and/or polyisoprene are/is used as the rubber component that is said 
vulcanizable rubber included in the component (A) and/or said diene type rubber (B), with the proportion 
of the total amount of said natural rubber and/or polyisoprene being 55 to 100% by weight based on said 

35 total rubber component; 

(III) the amount of the carbon black is 50 to 70 parts by weight based on 100 parts by weight of said total 
rubber component; and 

(IV) the vulcanized product obtained has a 50% modulus of 30 kg/cm 2 or more. 

In accordance with the present invention, there is still further provided a tire for an automobile, which 
40 comprises using a rubber composition comprising a formulation of a reinforced rubber composition (A) 
comprising 100 parts by weight of a vulcanizable rubber including 5 to 100 parts by weight of fine short 
fibers, having an average diameter of 0.05 to 0.8 urn, of a fiber-forming polyamide buried therein, and said 
polyamide and said rubber being bonded through a silane coupling agent at the interfaces of said short 
fibers wherein said coupling agent is present in an amount of 0.1 to 5.5 parts by weight per 100 parts by 
45 weight of said polyamide, a diene type rubber (B) and carbon black (C), and also satisfying the conditions 
(I) to (IV) shown below, for the cap tread portion: 

(I) the amount of said polyamide is 1 to 15 parts by weight per 100 parts by weight of the total rubber 
component that consists of said vulcanizable rubber included in the component (A) and said diene type 
rubber (B); 

50 (II) natural rubber and/or polyisoprene are/is used as the rubber component that is said vulcanizable 
rubber included in the component (A) and/or said diene type rubber (B), with the proportion of the total 
amount of said natural rubber and/or polyisoprene being 5 to 40% by weight based on said total rubber 
component; 

(III) the amount of the carbon black is 60 to 90 parts by weight based on 100 parts by weight of said total 
55 rubber component; and 

(IV) the vulcanized product obtained has a 300%, modulus of 100 kg/cm 2 or more. 

In accordance with the present invention, there is still further provided a rubber crawler, which 
comprises using a rubber composition comprising a formulation of a reinforced rubber composition (A) 
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comprising 100 parts by weight of a vulcanizable rubber including 5 to 100 parts by weight of fine short 
fibers, having an average diameter of 0.05 to 0.8 urn, of a fiber-forming polyamide buried therein, and said 
polyamide and said rubber being bonded through a silane coupling agent, at the interfaces of said short 
fibers wherein said coupling agent is present in an amount of 0.1 to 5.5 parts by weight per 100 parts by 
5 weight of said polyamide, a diene type rubber (B) and carbon black (C), and also satisfying the conditions 
(I) to (IV) shown below, as the rubber material: 

(I) the amount of said polyamide is 1 to 20 parts by weight per 100 parts by weight of the total rubber 
component that consists of said vulcanizable rubber included in the component (A) and. said diene type 
rubber (B); 

70 (II) natural rubber and/or polyisoprene are/is used as the rubber component that is said vulcanizable 
rubber included in the component (A) and/or said diene type rubber (B), with the proportion of the total 
amount of said natural rubber and/or polyisoprene being 60 to 100% by weight based on said total 
rubber component; 

(III) the amount of the carbon black is 30 to 60 parts by weight based on 100 parts by weight of said total 
75 rubber component; and 

(IV) the vulcanized product obtained has a hardness of 55 to 75* as measured by a JIS K6301 type 
spring system hardness test. 

The vulcanizable rubbers usable in the present invention are all rubbers capable of producing rubber 
elastomers by vulcanization, including, for example, natural rubber, cis-1,4-polybutadiene, polyisoprene, 

20 polychloroprene, styrene-butadiene copolymer rubber, isoprene-isobutylene copolymer, ethylene-propylene- 
nonconjugated diene terpolymer, and mixtures thereof. 

Among these rubbers, natural rubber, polyisoprene, isoprene-isobutylene copolymer, which is substan- 
tially free from gelation during melting and kneading of a mixture of a vulcanizable rubber, a polyamide and 
a silane coupling agent and subsequent extrusion of the kneaded product, is particularly preferred. 

25 Examples of the fiber-forming polyamide usable in the present invention include nylon 6, nylon 6/66, 
nylon 6/10, nylon 12, nylon 6/11, nylon 6/12, nylon 66, and the like, having melting points of 150 to 260'C, 
preferably 180 to 235* C. 

Also, the polyamide is not particularly limited so long as it has a fiber forming ability, but preferably has 
a number average molecular weight of 5,000 or more, preferably 8,000 or more. If the molecular weight is 
30 too low, the fiber forming ability is poor and the strength is also low. 

In the reinforced rubber composition of the present invention, the proportion of fine short fibers of the 
polyamide buried in the vulcanizable rubber may be 1 to 100 parts by weight, preferably 1 to 70 parts by 
weight, particularly preferably 30 to 70 parts by weight, per 100 parts by weight of the vulcanizable rubber. 
If the proportion of the fiber buried In the vulcanizable rubber is less than the above lower limit, the strength 
35 and modulus of the vulcanized product cannot be improved, and if the proportion of fibers buried in the 
vulcanizable rubber is higher than the above upper limit, the crack growth resistance is reduced. 

Also, the fine short fibers of polyamide have an average diameter of 0.05 to 0.8 urn. with the shortest 
fiber length of the circular cross-section being preferably 1 urn or longer, and are buried in the vulcanizable 
rubber in the form of fine short fibers with the molecules being arranged in the fiber axial direction, e.g., in 
40 the form wherein the fiber length is 10 urn or more and 90% by weight or more of the fibers are in the form 
of 1000 urn or less in length. 

Further, at the interface of the above fiber, polyamide and vulcanizable rubber are bonded through a 
silane coupling agent. 

The silane coupling agents usable in the present invention are those represented by the formula Y- 
45 Ri SiX 3 or Y-Ri SiR 2 X2 , wherein Y, Ri , R 2 , and X represent the following groups, respectively. 
Y: H 2 N-, CH 2 = CH-, 



CH.-CH- 

V 



55 
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ch 2 -c-coo 

HS- 




Ri: A p CnH2nBqCmH 2m B q C l H2i 

A:C 6 H4 
P = 0-2 
n = 0 - 5 
B: 0, NH 
Q = 0-2. 
m = 0 - 5 
1=0-5 

n = 1 -4 
X: D r C n H 2 nE s C m H2 m + i 
D: 0, CI 
r = 0-2 
n = 0 - 5 
E:0 

s = 1 -2 
m = 1 - 5 

Specifically, there can be preferably employed 7-aminopropyltrimethoxysilane, 7-aminopropyltriethox- 
ysilane, N-j8(aminoethyl)7-aminopropyltrimethoxysilane, N-iS(aminoethyl)7-arninopropylmethyldirnethox- 
ysilane, 7-(diethylenetrlamino)propyrtrlmethoxysilane, 7-ureidopropyltriethoxysilane, vinyltriethoxysilane, 
vinyltrimethoxysilane, vinyltris(j8-methoxyethoxy)silane, 7-glycidoxypropylmethyldlethoxysIlane, 7-glycidox- 
ypropyltrimethoxysilane, ^(S^epoxycyclohexyOethyltrimethoxysllane, 7-methacryloxypropyrtrimethox- 
ysilane, 7-chloropropyltrimethoxysilane, 7-mercaptopropyftrimethoxysilane, N-phenyl-7-aminopropyl- 
triethoxysilane, N-)3-(N-vinylbenzylaminoethyl)7-arninopropyltrimethoxysilane hydrochloride, etc. 

The amount of the silane coupling agent to be used in the present invention may be 0.1 to 5.5 parts by 
weight, preferably 0.2 to 5 parts by weight, per 100 parts by weight of the poly amide capable of fiber 
formation. 

If the amount of the above coupling agent is less than the above lower limit, the reaction between the 
vulcanizable rubber and the above polyamide through the silane coupling agent will occur only with 
difficulty, whereby thick fibers or films of the polyamide may be formed, and further, the bonding between 
the polyamide and the rubber at the fiber interface will be weak and, therefore, the strength, crack growth 
resistance, etc. of the vulcanized product obtained by vulcanization of the reinforced rubber composition will 
be lowered. On the other hand, if the amount of the silane coupling agent is more than the above upper 
limit, gelation of the vulcanizable rubber will be caused by the silane coupling agent, to prevent fiber 
formation of the polyamide, whereby the reinforcement and modulus of the vulcanized product will be 
lowered. 

According to the first aspect of the present invention, the composition of the present Invention may be 
produced by kneading a vulcanizable rubber, a polyamide capable of fiber formation, and 0.1 to 5.5 parts 
by weight of a silane coupling agent per 100 parts by weight of the above polyamide at a temperature not 
lower than the melting point of the above polyamide, and extruding the kneaded product at a temperature 
not lower than the above polyamide, or optionally, stretching the extrudate at a temperature not lower than 
the melting point of the polyamide or stretching at a temperature lower than the melting point, or by 
combining these stretchings. 

According to the process for producing the reinforced rubber composition in the present invention, 
predetermined amounts of a vulcanizable rubber, a polyamide and a silane coupling agent are dry blended, 
melted and kneaded at a temperature not lower than the melting point of the polyamide, whereby a 
kneaded product comprising 100 parts by weight of a vulcanizable rubber, 1 to 100 parts by weight of a 
polyamide and 0.1 to 5.5 parts by weight, per 100 parts by weight of the polyamide, of a silane coupling 
agent can be obtained. Also, by melting and pre-kneading a vulcanizable rubber or a polyamide with a 
silane coupling agent, and then adding a polyamide or a vulcanizable rubber, respectively, to the resultant 
pre-kneaded product, melting and kneading them at a temperature not lower than the melting point of the 
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polyamide, a kneaded product comprising 100 parts by weight of a vulcanizable rubber, 1 to 100 parts by 
weight of a polyamide and 0.1 to 5.5 parts by weight, per 100 parts by weight of the polyamide, of a silane 
coupling agent can be obtained. 

Also, using the above kneaded product as a master, by adding a polyamide or a vulcanizable rubber to 
s the resultant kneaded product, a kneaded product comprising 100 parts by weight of a vulcanizable rubber, 
1 to 100 parts by weight of a polyamide and 0.1 to 5.5 parts by weight, per 100 parts by weight of the 
polyamide, of a silane coupling agent can be obtained. 

The above respective components may be kneaded by a brabender plastograph, a banbury mixer, rolls, 
an extruder, etc., preferably for 1 to 15 minutes. 

io In the process of the present invention, to prevent gelation of the vulcanizable rubber during kneading 
and extrusion of the respective components, the vulcanizable rubber is preferably formulated with an 
antioxidant having a low volatility, such as N-fS-methacryloyloxy-a-hydroxypropylJ-N'-phenyl-p- 
phenylenedlamine, phenyl-a-naphthylamine, phenyl-jS-naphthylamine, N.N'-diphenyl-p-phenylenediamine, 
N-isopropyl-N'-phenyl-p-phenylenediamine, N-cyclohexyl-N'-phenyl-p-phenylenediamine, 2,6-di-tert-butyl-4- 

15 methylphenol, 2,6-di-tert-butyl-o-dimethylamino-p-aesol, 2,2 , -dihydroxy-3,3 , -bis(a-methylcyclohexyl)-5,5'- 
dimethyldiphenylmethane. etc. 

Thereafter, by melt extruding the kneaded product at a temperature not lower than the melting point of 
the polyamide, preferably higher by 5*C or more than the melting point, and not higher than 300* C, or 
stretching optionally at a temperature higher than the melting point of the polyamide or stretching at a 

20 temperature lower than the melting point, or by combining these stretchings, a reinforced rubber composi- 
tion can be obtained. During this operation, production of the kneaded product, melt extrusion and 
stretching can be conducted in one step. 

More specifically, through a die in which the shape of the discharging nozzle is circular or rectangular, 
for example, a circular die or rectangular die, the kneaded product can be extruded into a strand shape (or 

25 a sheet shape). When employing a circular die, the inner diameter of the discharging nozzle is preferably 
0.1 to 5 mm, and the ratio of the length to the inner diameter of the discharging nozzle (L/D) is 1 to 20. 
When employing a rectangular die, the slit gap is preferably 0.1 to 5 mm, the width 0.2 to 200 mm, and the 
length of the die land 10 to 20 mm. 

Among the various dies mentioned above, a circular die is preferably used. As the circular die, those 

30 having one discharging nozzle or those having a number of discharging nozzles (murti-holded type) can be 
used. 

In extruding the kneaded product, it is preferable to use a known extruder, for example, a screw type 
extruder, and extrude the kneaded product by setting the temperature at the screw tip portion at a 
temperature not lower than the melting point of the above polyamide and not higher than 300* C, and the 
35 temperature of the die at a temperature not lower than the melting point of the above polyamide and not 
higher than 300* C, ^particularly, higher by 5° C or more than the melting point of the above polyamide and 
not higher than 280 *C. 

In the process of the present invention, by extruding the kneaded product as described above, the 
polyamide in the vulcanizable rubber of the extrudate obtained takes a fibrous form and yet, at the interface 
40 of the fibrous polyamide, the polyamide and the vulcanizable rubber are bonded through the silane coupling 
agent 

The reinforced rubber composition of the present invention can be also obtained by stretching the 
above extrudate at a temperature not lower than the polyamide, preferably continuously while applying 
tension at a wind-up speed of 1 to 100 m/min, preferably 20 to 40 m/min. on a wind-up machine (stretching 

45 machine) such as a bobbin or wind-up roll, etc. according to the method known per se, cooling the 
stretched product by air cooling, water cooling, cooling with an inert organic solvent fortfieTubber and the 
polyamide such as cooled methanol or elongation of the distance from the die to the wind-up machine (also 
called stretching machine), and then stretching at a temperature not higher than the melting point of the 
polyamide by a pair of rolling rolls or effecting monoaxial stretching by stretching rolls. The temperature of 

50 the wind-up machine (stretching machine) when winding up the extrudate is preferably 0 to 100* C. When 
the extrudate comes into contact with the surface of the wind-up machine (stretching machine), a part of the 
fibrous polyamide becomes flat (a film shape in an extreme case), and thus sometimes a good reinforced 
rubber composition cannot be obtained. The temperature for stretching with the above rolling rolls is 
preferably 0 to 100* C. Also, stretching with stretching rolls is preferably practiced at a stretching ratio of 1.1 

55 to 10. 

In the process of the present invention, by stretching the extrudate at a temperature higher than or 
lower than the melting point of the polyamide or by combining these stretchings, the polyamide in the 
vulcanizable rubber of the reinforced rubber composition obtained is subjected to molecular orientation of 
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the fiber to be converted to a fibrous structure, and these become fine short fibers with great strength. 

The reinforced rubber composition obtained according to the process of the present invention contains 
1 to 100 parts by weight of a polyamide capable of fiber formation, per 100 parts by weight of a 
vulcanizabie rubber, said polyamide being fine short fibers, having an average diameter of 0.05 to 0.8 urn, 
5 and yet the polyamide and the vulcanizabie rubber are bonded at the interface of said fiber through a silane 
coupling agent wherein said coupling agent is present in an amount of 0.1 to 5.5 parts by weight per 100 
parts by weight of said polyamide. By using this composition alone or as a blend with a vulcanizabie rubber, 
a vulcanized product having an excellent modulus, tensile strength, crack growth resistance at low 
elongation and high elongation can be obtained. 

w Also, in the reinforced rubber composition of the present invention, the polyamide forming fibers are 
bonded to the vulcanizabie rubber through a coupling agent so that the bound rubber content in terms of 
the proportion of the weight of the vulcanizabie rubber bonded to the polyamide through a silane coupling 
agent at the interface of fibers relative to the weight of the fine short fibers buried in the vulcanizabie rubber 
(bonded vulcanizabie rubber/fine short fibers of polyamide) is 10 to 30 wt.%, particularly 15 to 30 wt.%. 

15 The excellent characteristics of the reinforced rubber composition of the present invention enable it to 
be used for tire inner members, such as the belt, carcass, bead, etc., tire outer members, such as the tread, 
sidewall, etc., and industrial products such as belts and hoses, footwear, etc. 

The composition of the present invention has fine short fibers, having an average diameter of 0.05 to 
0.8 urn, of a polyamide buried in 100 parts by weight of a vulcanizabie rubber, with the vulcanizabie rubber 

20 and the polyamide being bonded through a silane coupling agent wherein said coupling agent is present in 
an amount of 0.1 to 5.5 parts by weight per 100 parts by weight of said polyamide. This composition has an 
excellent productivity and processability and provides a novel reinforced rubber composition which can 
produce a vulcanized product having an excellent strength, modulus, and crack growth resistance. 

According to the second aspect of the present invention, a reinforced EPDM rubber composition is 

25 provided. That is, there is provided a reinforced rubber composition comprising 100 parts by weight of an 
ethylene-propylene-dlene copolymer rubber including 2 to 100 parts by weight of fine short fibers, having 
an average diameter of 0.05 to 0.8 urn, of a fiber-forming thermoplastic polyamide buried therein, and said 
polyamide and said copolymer rubber being bonded through 0.2 to 5 parts by weight (the amount based on 
100 parts by weight of the total amount of said copolymer rubber and said polyamide) of a coupling agent 

30 at the interfaces of said short fibers. 

The reinforced rubber composition, as compared with conventional EPDM compositions formulated with 
organic fiber reinforcing agents, has an excellent surface smoothness during extrusion molding, and has a 
great green strength, which may be considered to be a measure of form characteristics, and therefore, it 
becomes possible to formulate a large amount of softening agents, plasticizers and fillers. Thus, it can be 

35 said to be a composition having an excellent productivity, processability, and low cost. 

Also, the vulcanized product of the reinforced composition of the present invention has a modulus, for 
example, a modulus Mioo at 100% elongation, which is equal to that of a conventional EPDM composition 
formulated with an organic fiber reinforcing agent, and exhibits a value greater than an EPDM composition 
formulated with an inorganic reinforcing agent. 

40 Further, the vulcanized product of the reinforced rubber composition of the present invention exhibits a 
tensile strength, which is greater than that of a conventional EPDM composition formulated with an organic 
fiber reinforcing agent, and equal to or greater than the EPDM composition formulated with an inorganic 
filler with a high reinforcing ability, for example, carbon black. 

Therefore, the vulcanized product of the reinforced rubber composition of the present invention can be 

45 said to have well balanced and excellent characteristics with respect to mechanical properties. 

The ethylene-propylene-diene copolymer rubber (hereinafter referred to as EPDM rubber) should 
preferably have a Mooney viscosity (MLi+ 4 , 100* C) of 5 to 80, an iodine value of 4 to 30, and a molar ratio 
of ethylene units to propylene units within the range from 50/50 to 80/20. 

The proportion of the above short fibers buried in the above EPDM is 2 to 100 parts by weight, 

so preferably 3 to 80 parts by weight, based on 100 parts by weight of the above EPDM rubber. If less than 2 
parts by weight, the green strength and modulus of the vulcanized product will be reduced, and at a level in 
excess of 100 parts by weight, the processability will be reduced. 

On the other hand, the coupling agent to be used in the reinforced rubber composition of the present 
invention is preferably a silane coupling agent, a titanate type coupling agent, an unsaturated carboxylic 

65 acid or a mixture thereof. 

As the silane coupling . agent, the above-mentioned examples of the silane coupling agent may be 
preferably used. Particularly the silane coupling agents having amino group, mercapto group, vinyl group 
are preferably used. 
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As the titanate type coupling agent, there may be included, for example, isopropyltriisostearoyl titanate, 
[sopropyltri(N-aminoethyl-aminoethyl)titanate, tetra(2,2-diallyloxymethyl-1-butyl)bis(ditridecyl)-phosphite 
titanate, bis(dioctylpyrophosphate)oxyacetate titanate, isopropyltrioctanoyl titanate, isopropyl- 
dimethacrylisostearoyl titanate, isopropylisostearoyldiacryl titanate, etc. and among these, titanate type 
5 coupling agents having amino group, vinyl group are preferably used. 

As the unsaturated carboxylic acid coupling agent, a./1-unsaturated carboxylic acids, alicyclic unsatu- 
rated carboxylic acids, alkenylcarboxylic acids, and derivatives of these, such as acrylic acid, methacrylic 
acid, maleic acid, fumaric acid, itaconic acid, vinylbenzoic acid, vinylphthalic acid, maleic anhydride, 
itaconic anhydride, endo-blcyclo(2,2,1)-5-heptene-2,3-carboxylic acid, cls-4-cyclohexene-1 ,2-carboxylic acid, 
10 octadecenylsuccinic acid, and derivatives such as anhydrides, esters, metal salts, etc. thereof. Among 
these, maleic acid, fumaric acid, itaconic acid, vinylbenzoic acid, vinylphthalic acid, maleic anhydride, 
itaconic anhydride are preferably used. 

The amount of the above-mentioned coupling agent may be 0.2 to 5 parts by weight, preferably 0.3 to 3 
parts by weight based on 100 parts by weight of the total amount of the above EPDM rubber and the above 
15 poiyamide. Although It may depend on the coupling agent used, if the amount of the coupling agent used is 
less than the above range, the number of bonds, namely the bound rubber content of the above EPDM 
rubber and the above poiyamide becomes smaller, and the diameters of the poiyamide short fibers become 
thicker. On the other hand, If it is more than the above range, the fiber length of the poiyamide short fibers 
becomes shorter, whereby the reinforcing effect of the rubber formulated product is reduced. 
20 Also, in the reinforced rubber composition according to the second aspect of the present invention, 
preferably the above-mentioned poiyamide forming the fibers and the EPDM rubber is bonded through a 
coupling agent so that the bound rubber content represented by the ratio of the weight of the EPDM rubber 
bonded to the above poiyamide through a coupling agent relative to the weight of the fine short fibers of the 
above thermoplastic poiyamide buried in the above EPDM rubber continuous phase (bonded EPDM 
25 rubber/fine short fibers of thermoplastic poiyamide) may be 2 to 20% by weight. 

Also, in the reinforced rubber composition of the present invention, vulcanizable rubbers, inorganic 
fillers, softening agents, etc. can be formulated as optional ingredients. 

As the above vulcanizable rubber, natural rubber, isoprene rubber, butadiene rubber, styrene-butadiene 
rubber, nltrile rubber, butyl rubber, etc. may be included, and when these vulcanizable rubbers are 
30 formulated, preferably 2 to 100 parts by weight of the above fine short fibers of thermoplastic poiyamide is 
contained, based on 100 parts by weight of of the total amount of the above EPDM rubber and the above 
vulcanizable rubber. 

As the above-mentioned inorganic fillers, carbon black, silicic acid compounds such as anhydrous silicic 
acid, hydrous silicic acid or synthetic silicates, calcium carbonate, clay, etc. may be included, and the 
35 formulation amount is preferably 300 parts by weight or less, based on 100 parts by weight of the above 
EPDM rubber. 

As the above-mentioned softening agent, there may be included mineral oil type softening agents such 
as paraffinic process oil, naphthenic process oil, aromatic process oil, petroleum resin, polymerized high 
boiling strong aromatic oil, paraffin, fluid paraffin, white oil, etc.; vegetable oil type softening agents such as 
40 cottonseed oil, rapeseed oil, palm oil, rosin, pine tar, etc., factice such as black factice, white factice, etc.. 
fatty acids such as ricinoleic acid, palmitic acid, stearic acid, iauric acid, etc., fatty acid salts such as barium 
stearate, calcium stearate, zinc stearate, etc. 

Also, the reinforced rubber composition of the present invention can incorporate vulcanization agents 
such as sulfur, sulfur containing compounds, organic peroxides such as dicumyl peroxide, di-tert-butyl 
45 peroxide, etc., and organic vulcanization accelerating agents such as aldehydeammonias, aldehydeamines, 
guanidines. thioureas, thiazoles, thiurams, dithiocarbamates, dithiophosphates, etc. 

In the reinforced rubber composition of the present invention, also the formulated composition in which 
the same kind or different kinds of EPDM rubbers were mixed and formulated, if 2 to 100 parts by weight of 
the above short fibers of thermoplastic poiyamide are buried per 100 parts by weight of the rubber 
so component in the above formulated rubber composition, has a performance equal to the reinforced rubber 
composition of the present invention, and therefore, such a composition is included within the category of 
the reinforced composition of the present invention irrespective of the formulation. 

The reinforced rubber composition of the present invention as described above can be produced 
according to the production process of the reinforced rubber composition as described previously, for 
55 example, according to the following process, efficiently and in a stable state. 

A mixture of 100 parts by weight of the above EPDM rubber, 2 to 100 parts by weight of the above 
poiyamide. 0.2 to 5 parts by weight of the above coupling agent based on 100 parts by weight of the total 
amount of said EPDM rubber and said poiyamide, and 20 parts by weight or less of a tackifier, further 
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optionally added with an antioxidant, is kneaded at a temperature not lower than the melting point of the 
polyamide by a banbury mixer, rolls or an extruder preferably for 1 to 30 minutes, and the kneaded product 
obtained is extruded at a temperature not lower than the melting point of the above polyamide preferably 
not higher than 280* C, followed wind-up of the extrudate, to give the reinforced rubber composition of the 
s present invention. 

Also, optional components as described above such as vulcanlzable rubber, inorganic filler, and 
softening agent may be added in the above mixture, as desired. 

According to the process of the second aspect of the present invention as described above, with said 
EPDM rubber as the continuous phase, said polyamide is dispersed as fine short fibers in said EPDM 

w rubber, and also at the interfaces of said short fibers, said polyamide and said EPDM rubber are bonded 
through said coupling agent. In the reinforced rubber composition thus obtained, fine short fibers of said 
polyamide have circular cross-sections, with an average diameter of 0.05 to 0.8 urn, and are embedded in 
the above EPDM rubber in the form wherein the fiber is 10 urn or longer, and 90% by weight or more of 
the fibers are 1 ,000 urn or less in length. 

15 In the process of the present invention, the coupling agent may be either previously melt blended with 
the thermoplastic polyamide, attached on the surface of the polyamide, dispersed in the EPDM rubber or 
added during kneading, or the above methods may be used in combination. 

Also, in the process of the present invention, 2 to 50 parts by weight of the thermoplastic polyamide 
may be added to 100 parts by weight of EPDM rubber and 0.2 to 5 parts by weight of a coupling agent 

20 added based on 100 parts by weight of the total amount of the thermoplastic polyamide and EPDM rubber, 
and the mixture is kneaded at a temperature not lower than the melting point of the above polyamide. 
followed further by addition of EPDM rubber and the coupling agent, If necessary, and the mixture may be 
kneaded and extruded at a temperature not lower than the melting point of the above polyamide. 

The reinforced rubber composition of the present invention has an excellent productivity and process- 
es ability, and yet excellent mechanical properties of the vulcanized product 

That is, since the reinforced rubber composition of the present invention has an excellent flowability, roll 
processability in the unvulcanized state, the surface-of the extrudate is smooth, and it has a high green 
strength and excellent form maintenance characteristic, it has an excellent productivity and processability, 
and a vulcanized product thereof exhibits, for example, a high modulus with a great strength and elongation 

30 as well as tear resistance, and a particularly excellent heat aging resistant characteristic unexpected from 
the EPDM composition of the prior art. 

Also, since the reinforced rubber composition of the present invention has the above properties and a 
small die swell during extrusion, it can be preferably used for production of rubber extruded articles having 
complicated shapes, such as radiator hoses, heater hoses for automobiles, heat-resistant felts, heat-resistant 

35 hoses, heat-resistant rolls for industrial use, and rubber products exposed to high temperatures. 

Also, according to the production process of the present Invention, the above reinforced rubber 
composition of the present invention can be produced efficiently and at a stable quality. 

According to the third aspect of the present invention, a rubber composition having a high form 
maintenance characteristic in the unvulcanized state and a high modulus of the vulcanized product, 

40 comprising a reinforced rubber composition (A) comprising fine short fibers, having an average diameter of 
0.05 to 0.8 urn, of a fiber-forming thermoplastic polyamide dispersed in a continuous phase comprising an 
ethylene-propylene-diene copolymer rubber, said polyamide and said copolymer rubber being bonded at 
the interfaces of said short fibers through a novolac type phenol resin or a coupling agent at the interfaces 
of said short fibers, wherein the amount of said polyamide is from 2 to 70 parts by weight per 100 parts of 

45 said copolymer rubber, and a methylene acceptor (B) and a methylene donor (C) formulated in said 
reinforced rubber composition each In an amount of 0.1 to 10 parts by weight per 100 parts by weight of 
said copolymer rubber. 

The green strength of the rubber composition of the present invention, which may be considered to be 
a measure of the form maintenance characteristic, has a great value of 5-fold or more compared with that of 

so a conventional EPDM used instead of the above reinforced rubber composition (A), and has a great value of 
about 1.5-fold or more compared with the composition in which a methylene acceptor (B) and methylene 
donor (C) was not formulated. In other words, It is a composition having an extremely excellent form 
maintenance characteristics. The rubber composition with such a high form maintenance characteristic can 
formulate a large amount of plasticizers, etc., and therefore, the rubber composition of the present invention 

55 can also contribute to reducing the cost of the product. 

Also, the vulcanized product of the rubber composition of the present invention has a large value of 2- 
fold or more compared with the case when a conventional EPDM is used in place of the above reinforced 
rubber composition (A), concerning the modulus, for example, stress at a 100% elongation of M100. 
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Further, the tensile strength, of the vulcanized product of the rubber composition of the present 
invention has a greater value compared with the vulcanized product in which a conventional EPDM and 
reinforcing agent (carbon black, organic short fibers) Is used in place of the above reinforced rubber 
composition (A), and yet the tensile elongation is also greater. 
5 The rubber composition of the present invention is described In detail as follows. 

The reinforced rubber, which is a constituent of the rubber composition of the present invention, can be 
prepared according to the methods as described below. 

The first method comprises kneading a mixture comprising 100 parts by weight of an EPDM rubber, 2 
to 100 parts by weight of a thermoplastic polyamide, 20 parts by weight or less of a tackifier, 02 to 5 parts 
jo by weight of a novolac type phenol resin per 100 parts by weight of the total amount of the above EPDM 
rubber and the above polyamide and 1 to 50 parts by weight of a methylene donor per 100 parts by weight 
of said novolac type phenol resin at a temperature not lower than, particularly higher by 5*C than, the 
melting point of the above polyamide and not higher than 300* C, by a brabender plastograph, a banbury 
mixer, rolls, an extruder, etc., for 1 to 30 minutes, and extruding the kneaded product obtained at a 
15 temperature not lower than the melting point of the above polyamide and not higher than 300 *C, and 
subsequently winding up the extrudate to obtain the reinforced rubber composition (A) of the present 
invention. 

The second method comprises kneading a mixture comprising 100 parts by weight of an EPDM rubber, 
2 to 100 parts by weight of a thermoplastic polyamide, 20 parts by weight or less of a tackifier and 0.2 to 5 

20 parts by weight of a coupling agent per 100 parts by weight of the total amount of the above EPDM rubber 
and the above polyamide at a temperature not lower than, particularly higher by 5* C than, the melting point 
of the above polyamide and not higher than 300" C, by a brabender plastograph, a banbury mixer, rolls, an 
extruder, etc., for 1 to 30 minutes, and extruding the kneaded product obtained at a temperature not lower 
than the melting point of the above polyamide and not higher than 300* C, and subsequently winding up the 

25 extrudate to obtain the reinforced rubber composition (A) of the present invention. 

According to the first method or the second method, the polyamide is dispersed as fine fibers in the 
EPDM rubber, with the EPDM rubber being a continuous phase, and a reinforced rubber composition (A) 
can be produced with the above polyamide and the above EPDM rubber bonded at the interfaces of said 
short fibers. 

30 The EPDM rubber to be used in the above reinforced rubber composition (A) preferably has a Mooney 
viscosity (ML 1+4 , 100* C) of 5 to 80, an iodine value of 4 to 30, a molar ratio of ethylene units to propylene 
units within the range from 55/45 to 85/15. 

The proportion of the above-mentioned short fibers buried in the above EPDM rubber is 2 to 70 parts 
by weight, preferably 2 to 50 parts by weight, per 100 parts by weight of the above EPDM rubber. If less 

35 than 2 parts by weight, the green strength and modulus of the vulcanized product will be reduced, and at a 
level in excess of 70 parts by weight, the processability will be reduced. 

As the above novolac type phenol resin, soluble and fusible resins obtained by condensation reaction 
between phenols such as phenol, bisphenols, etc. and formaldehyde (which may be also paraformaldehyde) 
with the use of a catalyst known per se, for example, an acid such as sulfuric acid, hydrochloric acid, 

40 phosphoric acid, oxalic acid, etc. and deformants (modified products) thereof, such as novolac type phenol 
formaldehyde precondensates, novolac type lactam-bisphenol F-formaldehyde precondensates, novolac 
type styrenated phenol-phenol-formaldehyde precondensates, can be suitably used. 

As the coupling agent, silane coupling agent titanate type coupling agent or a mixture thereof can be 
used. 

45 As the silane and titanate coupling agent the above-mentioned examples may be preferably used. 
Particularly silane coupling agents having amino group, mercapto group, vinyl group and titanate type 
coupling agents having amino group, vinyl group are preferably used. 

In the above reinforced rubber composition (A), preferably the above polyamide forming fibers and 
EPDM are bonded through a novolac type phenol resin or a coupling agent so that the bound rubber 
50 content represented in terms of the ratio of the weight of the EPDM rubber bonded to the thermoplastic 
polyamide through the novolac type phenol resin or the coupling agent relative to the weight of the fine 
short fibers of the thermoplastic polyamide dispersed in the EPDM continuous phase (bonded EPDM 
rubber/fine short fibers of thermoplastic polyamide) is 2 to 20% by weight 

As the methylene acceptor (B), which is a constituent of the rubber composition of the present 
65 invention, for example, resorcin, 0-naphthol, resol type or novolac type phenol resin precondensates, etc. 
may be Included, and any one thereof can be suitably used. 

The amount of the above methylene acceptor formulated may be 0.1 to 10 parts, preferably 0.2 to 5 
parts by weight per 100 parts by weight of the above EPDM rubber. If the formulated amount is less than 
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0.1 part by weight, the green strength and modulus of the vulcanized product will be little Improved, and at 
a level over 10 parts by weight, the processability will be reduced. 

As the methylene donor, which is a constituent of the rubber composition of the present invention, 
hexamethylenetetramine, acetoaldehyde ammonia: 



paraformaldehyde, a-polyoxymethylene, polyhydric methylolmelamlne derivatives, oxazolildine derivatives, 
polyhydric methylolated acetyleneurea, etc. may be included, particularly preferably hex- 
amethyienetetramine, hexamethoxymethylmelamine. 

The amount of the above methylene donor (C) formulated may be 0.1 to 10 parts by weight, preferably 

15 0.2 to 5 parts by weight, per 100 parts by weight of the above EPDM rubber. If the amount formulated is 
less than 0.1 part by weight, the increase in the green strength and modulus of the vulcanized product will 
be small, and processability will be reduced at a level of over 10 parts by weight. 

In the rubber composition of the present invention, vulcanlzable rubbers can be formulated as an 
optional component Examples of such vulcanlzable rubbers may include natural rubber, isoprene rubber, 

20 butadiene rubber, styrene-butadiene rubber, nitrile rubber, butyl rubber, etc., and when these vulcanizable 
rubbers are formulated, preferably 2 to 70 parts by weight of the short fibers of the above thermoplastic 
polyamide are contained per 100 parts by weight of the total amount of the above EPDM rubber and the 
above vulcanizable rubber. 

Also, in the rubber composition of the present invention, inorganic fillers can be formulated as optional 

25 components. Examples of such inorganic fillers may include carbon black, silicic acid compounds such as 
anhydrous silic acid, hydrous silicic acid, calcium carbonate, clay, etc. The amount of the above inorganic 
filler formulated may be generally 300 parts by weight or less, preferably about 20 to 250 arts by weight per 
100 parts by weight of the rubber components in the reinforced rubber composition (A). By formulation of 
the above Inorganic filler, the tensile strength of the vulcanized product can be increased to give preferable 

30 results, but rubbery properties will be lost, such as a loss of flexibility, if used in excess of about 300 parts 
by weight. 

Further, in the rubber composition of the present invention, softening agents may be formulated as an 
optional component. As such softening agents, there may be included mineral oil type softening agents 
such as paraffinic process oil, naphthenic process oil, aromatic process oil, petroleum resin, polymerized 

35 high boiling strong aromatic oil, paraffin, fluid paraffin, white oil, etc.; vegetable oil type softening agents 
such as cottonseed oil, rapeseed oil, palm oil, rosin, pine tar, etc., factice such as black factice, white 
factice, etc., fatty acids such as ricinoleic acid, palmitic acid, stearic acid, lauric acid, etc., fatty acid salts 
such as barium stearate, calcium stearate, zinc stearate, etc. The amount of the above softening agent 
formulated may be generally 200 parts by weight or less, preferably 150 parts by weight or less per 100 

40 parts by weight of the rubber components in the reinforced rubber composition (A). 

The rubber composition of the present invention can be prepared according to the method as described 
below. This is, predetermined amounts of the reinforced rubber composition (A), the methylene acceptor 
(B). an inorganic reinforcing agent, a softening agent, a lubricant, etc. as optional components are 
formulated by a banbury mixer, rolls, etc., and the resultant formulated product formulated with a methylene 

45 donor (C). whereby the rubber composition of the present invention can be prepared. Of course, the above 
formulated ingredients may be mixed at the same time. 

The rubber composition of the present invention has an excellent flowability and form maintenance 
characteristics in the unvulcanized state, and yet has a high modulus of the vulcanized product, compared 
with compositions of the prior art such as an EPDM composition with a small ethylene content having an 

so excellent freeze resistance or an EPDM composition formulated with an inorganic filler with a low reinforcing 
ability. 

For this reason, the rubber composition of the present invention enables a simplification of the 
production steps of various rubber products, particularly rubber extruded products having complicated 
shapes, such as a weather strip with a light color formulation, thus enabling the production of radiator hoses, 
55 heater hoses for automobiles, heat-resistant belts, heat-resistant rolls, heat-resistant hoses for industrial 
uses, etc., having excellent performances. 

According to the fourth aspect of the present invention, there is provided a bead filler rubber 
composition comprising a formulation of a reinforced rubber composition (A) comprising 100 parts by 
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weight of a vulcanizable rubber including 5 to 100 parts by weight of fine short fibers, having an average 
diameter of 0.05 to 0.8 urn, of a polyamide capable of fiber formation buried therein, and said polyamide 
and said rubber being bonded through a si lane coupling agent at the interfaces of said short fibers, wherein 
said coupling agent is present in an amount of 0.1 to 5.5 parts by weight per 100 parts by weight of said 
s polyamide, a diene type rubber (B) and carbon black (C), and also satisfying the conditions (I) to (IV) shown 
below: 

(I) the amount of said polyamide is 2 to 20 parts by weight per 100 parts by weight of the total rubber 
component; 

(il) at least natural rubber and/or polyisoprene are/is used as the rubber component that is said 
io vulcanizable rubber included In the component (A) and/or said diene type rubber (B), with the proportion 
of the total amount of said natural rubber and/or polyisoprene being 55 to 100 wt.% based on said total 
rubber component; 

(III) the amount of the carbon black is 50 to 70 parts by weight based on 100 parts by weight of said total 
rubber component; and 
r5 (IV) the vulcanized product obtained has a 50% modulus of 30 kg/cm 2 or more. 

The bead filler rubber composition of the present invention has small Mooney viscosity MU +* with the 
vulcanized product having a modulus at 50% (hereinafter sometimes abbreviated as M 50 ) of 30 kg/cm 2 or 
more, a flex number by a flexural crack growth resistance test of 1000 times or more, an excellent 
processability, and the modulus of the vulcanized product is high with a good crack growth resistance, and 
20 can be used as the bead filler, which is one of the inner members of a tire, by utilizing these excellent 
characteristics. 

The vulcanizable rubbers, the polyamides, and the silane coupling agents usable in the present 
invention are those as described above. 

The reinforced rubber composition to be used in the present Invention includes 5 to 100 parts by 
25 weight, preferably 5 to 70 parts by weight, particularly preferably 30 to 70 parts by weight of fine short 
fibers of the above-mentioned polyamide buried in 100 parts by weight of the above-mentioned vulcanizable 
rubber, and the above polyamide and the above-mentioned rubber are bonded through a silane coupling 
agent at the interfaces of said short fibers. 

If the proportion of the short fibers buried in the vulcanizable rubber is smaller than the above lower 
30 limit, the strength and modulus of the bead filler rubber composition cannot be Improved, and if the 
proportion of the short fibers is more than the above upper limit, the crack growth resistance will be 
reduced. 

The polyamide forming short fibers and the vulcanizable rubber are bonded through a silane coupling 
agent so that the proportion of the weight of the vulcanizable rubber bonded to the polyamide through the 
35 silane coupling agent relative to the weight of fine short fibers of the polyamide (bonded vulcanizable 
rubber/fine short fibers of polyamide) is 10 to 30% by weight, particularly 15 to 30% by weight 

As described above, in the reinforced rubber composition to be used in the present invention, fine short 
fibers of a polyamide are buried in a vulcanizable rubber, and said polyamide and vulcanizable rubber are 
bonded through a silane coupling agent at the interfaces of said short fibers, and therefore, the vulcanized 
40 product has a high modulus and-flex number and a rubber composition of the present invention with a small 
MLi* 4 can be obtained. 

The reinforced rubber composition as described above to be used in the present invention may be 
produced, for example, as follows. A vulcanizable rubber, 5 to 100 parts by weight of a polyamide per 100 
parts by weight of said vulcanizable rubber and 0.1 to 5.5 parts by weight of a silane coupling agent per 

45 100 parts by weight of said polyamide are kneaded at a temperature not lower than the melting point of said 
polyamide, and the resultant kneaded product Is extruded at a temperature not lower than the melting point 
of said polyamide, or further optionally, the above extrudate is stretched at a temperature higher than the 
melting point of said polyamide or at a temperature lower than the melting point of said polyamide. Further, 
it can be also obtained by stretching the above extrudate at a temperature higher than the melting point of 

so said polyamide and stretching the above extrudate at a temperature lower than the melting point of said 
polyamide. 

The bead filler rubber composition of the present invention comprises the above reinforced rubber 
composition (A) formulated with a diene type rubber (B) and carbon black (C). 

A diene type rubber (B) comprises a rubber polymer having a carbon carbon double bond. i.e. 

55 
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In the main chain thereof. It is usually prepared from the polymerization of monomers including a compound 

having two carbon double bonds (i.e. diene). 

As the above diene type rubber (B), natural rubber, polyisoprene, cis-1 ,4-polybutadiene, styrene- 

butadiene copolymer rubber, isoprene-isobutylene copolymer, etc. may be included. 
w As the above carbon black, those with particle sizes of 90 mu or less and dibutyl phthalate (DBP) 

absorption of 70 ml/100 g or more are preferably used, including various carbon blacks such as HAF, FF, 

FEF, GPF, SAF, ISAF, SRF, etc. 

Also, the bead filler rubber composition is prepared by formulating the respective components so as to 

satisfy the conditions (I) - (IV) as shown below. 
T5 (I) The amount of the above-mentioned polyamide (short fibers) is 2 to 20 parts by weight, preferably 2 

to 15 parts by weight, per 100 parts by weight of the totai amount of the rubber components, (II) as the 

rubber component, at least natural rubber and/or polyisoprene and/is used that is said vulcanlzable rubber 

included in the component (A) and/or said diene type rubber (B), with the proportion of the total amount of 

said natural rubber and/or polyisoprene being 55 to 100% by weight based on said total rubber compo- 
20 nents, (III) the amount of carbon black is 50 to 70 parts by weight based on 100 parts by weight of said total 

amount of the rubber components, and (IV) the vulcanised product obtained has a 50% modulus of 30 

kg/cm 2 or more. 

If the amount of the above polyamide is smaller than the lower limit of the above range, the ML of the 
composition is smaller and a rubber composition with a high modulus and flex number of the vulcanized 

25 product cannot be obtained, and if the amount of the polyamide is larger than the upper limit of the above 
range, the MLt 4 of the composition becomes large, whereby the processability will be worsened. Also, as 
the rubber component, at least natural rubber and/or polyisoprene must be used. If the amount formulated 
thereof falls outside the range as specified above, the flex number of the vulcanized product tends to 
become smaller. If the amount of carbon black is smaller than the lower limit of the above range, the 

30 modulus of the vulcanized product becomes lower, and If it is more than the upper limit of the above range, 
the ML of the rubber composition becomes larger, whereby the processability will be worsened. Also, if the 
Mso of the vulcanized product is outside of the above range, the modulus of the vulcanized product 
becomes lower, and is unsuitable for a bead filler rubber composition. 

The bead filler rubber composition can be prepared by kneading the above respective components (A), 

35 (B) and (C) by means of a kneader such as banbury mixer, rolls, etc., at 50 to 180*C for about 1 to 60 
minutes. 

The bead filler rubber composition of the present invention may be formulated with additives such as 
vulcanization agents, etc. 

As the vulcanization agent, known vulcanization agents such as sulfur, organic peroxides, sulfur 

40 containing compounds, etc. can be used. The method for formulating the vulcanization agent in the rubber 
composition is not particularly limited, but formulation methods known per se can be employed. 

Also, the bead filler rubber composition of the present inventiorTcah be formulated together with 
vulcanizing agents reinforcing agents such as thermosetting resins, white carbon, activated calcium 
carbonate, ultra-fine magnesium silicate, high styrene resins, coumarone-indene resins, phenol resins, lignin, 

45 modified melamine resins, petroleum resins, etc.; fillers such as calcium carbonate of various grades, basic 
magnesium carbonate, clay, zinc oxide, dlatomaceous earth, regenerated rubber, powdery rubber, ebonite 
powder, etc.; vulcanization accelerators such as aldehyde-ammonias, aldehyde-amines, guanidines, 
thioureas, thlazoles, thiurams, dithiocarbamates, xanthats, etc.; vulcanization acceleration aids such as metal 
oxides, fatty acids, etc.; antioxidants such as amine-aldehydes, amine-ketones, amines, phenols, imidazoles, 

50 sulfur-contalnlng type or phosphorus-containing type; naphthenic or aromatic process oils, etc., within the 
range which does not alter the effects of the present Invention. 

Particularly, in the rubber composition of the present invention, it is preferable to formulate 1 to 30 parts 
by weight of a novolac type phenol resin per 100 parts by weight of rubber. 

The rubber composition of the present Invention has a small Mooney viscosity and, therefore, an 

55 excellent processability, and yet has an M 5 o of 30 kg/cm 2 or higher and a flex number of 1000 times or 
more, with a high modulus and flexural crack growth resistance, of the vulcanized product, and can be used 
for tire members of automobiles, buses, trucks, airplanes, etc. as well as for other tire members (e.g. 
sidewalls, treads, chafers, rims, etc.). 
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According to the fifth aspect of the present Invention, there is provided a tire for an automobile, which 
comprises using a rubber composition comprising a formulation of a reinforced rubber composition (A) 
comprising 100 parts by weight of a vulcanlzable rubber including 5 to 100 parts by weight of fine short 
fibers having an average diameter of 0.05 to 0.8 mix, of a fiber-forming polyamide buried therein, and said 
polyamlde and said rubber being bonded through a silane coupling agent wherein said coupling agent is 
present in an amount of 0.1 to 5.5 parts by weight per 100 parts by weight of said polyamide, a diene type 
rubber (B) and carbon black (C).-and also satisfying the conditions (I) to (IV) shown below, for the cap tread 
portion: 

(I) the amount of said polyamide is 1 to 15 parts by weight per 100 parts by weight of the total rubber 
component that consists of said vulcanlzable rubber included in the component (A) and said diene type 
rubber (B); 

(II) natural rubber and/or polyisoprene are/is used as the rubber component that is said vulcanizable 
rubber included in the component (A) and/or said diene type rubber (B), with the proportion of the total 
amount of said natural rubber and/or polyisoprene being 5 to 40% by weight based on said total rubber 
components; 

(III) the amount of the carbon black is 60 to 90 parts by weight based on 100 parts by weight of said total 
rubber component; and 

(IV) the vulcanized product obtained has a 300% modulus of 100 kg/cm 2 or more. 

The rubber composition for cap tread to be used in the present Invention, which has an excellent 
processability and flowability with a small Mooney viscosity ML1+4, although having a high modulus, can 
easily flow even to corners of a complicated tread pattern of a mold, and has a good wet skid resistance 
and abrasion resistance. 

In the present invention, it is necessary to formulate a reinforced rubber composition in which said fine 
short fibers of a polyamide capable of fiber formation are buried In a vulcanizable rubber, and said 
polyamide and the vulcanizable rubber are bonded through a silane coupling agent at the interfaces of said 
fibers, whereby a rubber composition with an excellent moldability can be produced although fibers are 
formulated in the polymer, and by use of the composition for a cap tread, a tire with a good wet road 
surface gripping characteristic and abrasion resistance can be produced. 

The vulcanlzable rubbers, the polyamides, and the silane coupling agents usable in the present 
invention are those as described above. 

Also, preferably the polyamide forming short fibers and the vulcanizable rubber are bonded through a 
silane coupling agent so that the proportion of the vulcanizable rubber based on the weight of fine short 
fibers of the polyamide (bonded vulcanizable rubber/fine short fibers of polyamide) is 10 to 30% by weight, 
particularly 15 to 30% by weight. 

The reinforced rubber composition as described above to be used in the present invention may be 
produced, for example, as follows. A vulcanizable rubber, 5 to 100 parts by weight of a polyamide per 100 
parts by weight of said vulcanlzable rubber and 0.1 to 5.5 parts by weight of a silane coupling agent per 
100 parts by weight of said polyamide are kneaded at a temperature not lower than the melting point of said 
polyamide, and the resultant kneaded product is extruded at a temperature not lower than the melting point 
of said polyamide, or further optionally, the above extrudate is stretched at a temperature higher than the 
melting point of said polyamide or at a temperature lower than the melting point of said polyamide. Further, 
It can be also obtained by using these stretchings in combination. 

The rubber composition for a cap tread to be used in the present invention comprises the above 
reinforced rubber composition (A) formulated with a diene type rubber (B) and carbon black (C). 

As the above diene type rubber (B), natural rubber, polyisoprene, cis-1,4-poiybutadiene, styrene- 
butadiene copolymer rubber, isoprene-isobutylene copolymer, etc. may be included. 

As the above carbon black, those with particle sizes of 90 mix or less and a dibutyl phthalate (DBP) 
absorption of 70 ml/100 g or more are preferably used, including various carbon blacks such as HAF, FF, 
FEF, GPF, SAF, ISAF, SRF, etc. 

Also, the respective components as mentioned above are formulated so as to satisfy the above 
conditions, namely (I) the amount of the above polyamide (short fibers having an average diameter of 0.05 
to 0.8 urn) is 1 to 15 parts by weight, preferably 2 to 15 parts by weight, per 100 parts by weight of the 
total amount of the rubber components, (II) as the rubber proportion, the total amount of natural rubber 
and/or polyisoprene in the component (A) and the component (B) is 5 to 40% by weight, (III) the amount of 
carbon black is 60 to 90 parts by weight, based on 100 parts by weight of the total amount of the rubber 
components, and (IV) the vulcanized product obtained has a 300% modulus as defined in JIS K 6301 of 100 
kg/cm 2 or higher. If the amount of carbon black is smaller than the lower limit of the above range, the 
modulus of the vulcanized product becomes lower, and conversely, if it is more than the upper limit of the 
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above range, the MLi of the rubber composition becomes greater, whereby the tire moldability tends to 
be worsened. Also, if the proportion of the rubber is outside the above range, picoabrasion or the wet skid 
resistance of the vulcanized product will be lowered. 

The rubber composition to be used in the present invention can be prepared by kneadjng the above 

s respective components by a kneader such as banbury mixer, rolls, extruder, etc. at 50 to 180 # C for about 1 
to 60 minutes. The rubber composition is formulated with additives such as vulcanizing agents as described 
in the case of the bead filler rubber composition. 

The rubber composition for a cap tread of the present invention has an excellent processability, 
flowability with a small Mooney viscosity ML1+4 (100'C). although having a high modulus, and therefore, 

10 can flow easily even to corners of a complicated pattern of a mold to exhibit a good moldability. Also, the 
wet skid resistance and abrasion resistance are good, and in place of the compositions known in the art, 
tires with a good wet road surface gripping characteristic and abrasion resistance can be produced for use 
as a cap tread for automobiles, buses, trucks, airplanes, etc. 

According to the sixth aspect of the present Invention, there is provided a desired rubber crawler by 

75 using a rubber composition comprising a formulation of a reinforced rubber composition (A) comprising 100 
parts by weight of a vulcanizable rubber including 5 to 100 parts by weight of fine short fibers having an 
average diameter of 0.05 to 0.8 urn, of a polyamide capable of fiber formation burled therein, and said 
polyamide and said rubber being bonded through a sllane coupling agent wherein said coupling agent is 
present in an amount of 0.1 to 5.5 parts by weight per 100 parts by weight of said polyamide, a diene type 

20 rubber (B) and carbon black (C), and also satisfying the conditions (I) to (IV) shown below, as the rubber 
material: 

(I) the amount of said polyamide is 1 to 20 parts by weight per 100 parts by weight of the total rubber 
component that consists of said vulcanizable rubber in the component (A) and said diene type rubber 
(B); 

25 (II) natural rubber and/or polyisoprene are/is used as the rubber component that is said vulcanizable 
rubber included in the component (A) and/or said diene type polymer (B), with the proportion of the total 
amount of said natural rubber and/or polyisoprene is 60 to 100% by weight based on said total rubber 
components; 

(III) the amount of the carbon black is 30 to 60 parts by weight based on 100 parts by weight of said total 
30 rubber component; and 

(IV) the vulcanized product obtained has a hardness of 55 to 75* as measured by the JIS K6301 type 
spring system hardness test. 

In the present invention, it Is necessary to formulate a reinforced rubber composition in which a 
vulcanizable rubber forms a continuous phase and fine short fibers of a polyamide capable of fiber 

35 formation are dispersed therein and, at the Interfaces of said short fibers, the above polyamide and 
vulcanizable rubber are bonded through a silane coupling agent, and by such formulation, a rubber 
composition having an excellent moldability can be produced regardless of the formulation of polyamide 
fibers, and a rubber crawler with an excellent cut resistance can be produced by using the composition as 
the rubber material for an elastic tread. 

40 The vulcanizable rubbers, the polyamides, and the silane coupling agents usable in the present 
invention are those as described above. 

As the vulcanizable rubber, natural rubber is preferred. When a synthetic rubber is used as the rubber, 
preferably the rubber is formulated with a tackifier. As the above tacklfler, all tackifiers, which are 
nonreactive or have an extremely low reactivity (namely substantially nonreactive with the synthetic rubber 

46 by heating) and imparting tackiness to the synthetic rubber with an excellent compatibility with rubber can 
be used. For example, there can be included coumarone resins such as coumrone-indene resins, 
nonreactive phenol-formaldehyde resins such as non-reactive phenol resins, etc., alkylphenol acetylenic 
resins, terpene-phenol resins, polyterpene resins, petroleum type hydrocarbon resins such as hydrocarbon 
type tackified resins, polybutene, etc., rosin derivatives such as zinc resinate, and mixtures thereof. The 

60 tackifier is preferably formulated at a proportion of 0.5 to 20 parts by weight, particularly 0.5 to 1 0 parts by 
weight, based on 100 parts by weight of the rubber. 

Also, preferably the polyamide forming short fibers and the vulcanizable rubber are bonded through a 
silane coupling agent so that the proportion of the weight of the vulcanizable rubber bonded to the 
polyamide through the silane coupling agent relative to the weight of fine short fibers of the polyamide 

55 (bonded vulcanizable rubber/fine short fibers of polyamide) is 10 to 30% by weight, particularly 15 to 30% 
by weight. 

In the present invention, the fine short fibers of a fiber-forming polyamide buried In a vulcanizable 
rubber in the reinforced rubber composition to be used has great strength, and yet at the interfaces of said 
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fibers, the above polyamlde and vulcanizable rubber are bonded through a silane coupling agent, and 
therefore a rubber composition with a small Mooney viscosity and excellent moldability can be produced, 
and by use of the composition as the rubber material, a rubber crawler with an excellent cut resistance and 
abrasion resistance can be produced. 
5 The reinforced rubber composition as described above to be used in the present invention may be 
produced, for example, as follows. A vulcanizable rubber, 5 to 100 parts by weight of a polyamide per 100 
parts by weight of said vulcanizable rubber, 0.1 to 5.5 parts by weight of a silane coupling agent per 100 
parts by weight of said polyamide and optionally 0.5 to 20 parts by weight of a tackifier per 100 parts of 
said vulcanizable rubber are kneaded at a temperature not lower than the melting point of said polyamide, 

10 and the resultant kneaded product is extruded at a temperature not lower than the melting point of said 
polyamide, or further optionally, the above extrudate is stretched at a temperature higher than the melting 
point of said polyamide or at a temperature lower than the melting point of said polyamide. Further, it can 
be also obtained by using these stretchings in combination. 

The reinforced rubber composition to be used for a rubber crawler in the present invention comprises 

is the above reinforced rubber composition (A) formulated with a diene type rubber (B) and carbon black (C). 

As the above diene type rubber (B), natural rubber, polyisoprene, cis-1 ,4-polybutadiene, styrene- 
butadiene copolymer rubber, Isoprene-isobutylene copolymer, etc. may be included. 

As the above carbon black, those with particle sizes of 10 to 35 mu and dibutyl phthalate (DBP) 
absorption of 90 to 130 ml/100 g are preferably used, including various carbon blacks. Particularly, N-110 - 

20 N-330 are preferably used as the carbon black. 

The respective components as mentioned above are formulated so as to satisfy the following con- 
ditions, namely (I) the amount of the above polyamlde is 1 to 20 parts by weight, preferably 2 to 15 parts by 
weight, per 100 parts by weight of the total amount of the rubber components, (II) the total proportion of 
natural rubber and/or polyisoprene in the component (A) and the component (B) is 60 to 100% by weight, 

25 preferably 90% by weight or more, (III) the amount of carbon black is 30 to 60 parts by weight, preferably 
40 to 55 parts by weight, based on 100 parts by weight of the total amount of the rubber components, and 
(IV) the vulcanized product obtained has a hardness of 55 to 75* , preferably 65 to 75* , as measured by the 
JIS K6301 A type spring system hardness test. If the amount of the polyamide (fine short fibers) Is less than 
the above lower limit, the cut resistance and abrasion resistance of the rubber crawler will be lowered, and if 

30 it Is more than the above upper limit, the Mooney viscosity of the formulated product becomes greater, 
whereby the rubber crawler moldability is reduced. If the amount of carbon black is smaller than the lower 
limit of the above range, the hardness and abrasion resistance of the vulcanized product are reduced, and if 
it is more than the upper limit of the above range, ML of the rubber composition becomes greater, whereby 
the rubber crawler moldability is reduced. If the proportion of the rubber is outside the above range, the cut 

35 resistance of the vulcanized product will be lowered. Also, if the hardness of the vulcanized product Is 
outside the above range, the running performance of the rubber crawler will be lowered. 

The rubber composition to be used in the present invention can be prepared by kneading the above 
respective components by a kneader such as a banbury mixer, or rolls at 50 to 180* C for about 1 to 60 
minutes. The rubber composition Is formulated with additives such as vulcanizing agents, reinforcing agents, 

40 fillers, vulcanization accelerators, vulcanization acceleration aids, antioxidants, naphthenic or aromatic 
process oils, within the range which does not alter the effects of the present invention, to prepare the 
composition. As the process oil, aroamtic type oil with which the mechanical performance of the vulcanized 
product can be improved may be used at a relatively small content (0 to 15 phr). The antioxidant is 
preferably used primarily as a combination of an antioxidant for ozone resistance with a paraffin wax. The 

45 amount thereof may be 1 to 5 phr. For the vulcanization system, preferably a vulcanization accelerator 
(preferably sulfenamide type, thiazole type) and sulfur slightly greater amount preferable for chip cut 
resistance) is used. The rubber crawler of the present invention can be produced according to the method 
known per se by a combination of rubber materials with core metal and cords, etc. 

The composition to be used in the present invention has an excellent moldability due to a small Mooney 

so viscisoty, and yet a good cut resistance with a high tear strength and abrasion resistance, and therefore, 
can be used instead of the rubber materials known in the art, for a rubber crawler running primarily on non- 
level ground surfaces such as for vehicles for construction, farm tractors, combat tanks, snow mobiles, etc. 

EXAMPLES 

55 

The present invention will now be further illustrated in detail by, but is by no means limited to, the 
following Examples, wherein "percentages" and "parts" are ail by weight unless otherwise noted. 

The physical properties of the vulcanized products conducted for evaluation of the (reinforced) rubber 
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compositions obtained In the Examples, Comparative Examples and Reference Examples were measured 
according to JIS K6301. 

Example 1*1 

5 

Into a brabender plastograph set at 220* C, 50 rpm., 100 parts of a natural rubber (NR) with a melt 
viscosity of 1 x 10 3 g.sec/cm 2 (1 x 10 6 poise), and 1.0 part of an antioxidant of N-(3-methacryloyloxy-2- 
hydroxypropyJ-N'-phenyl-p-phenylenediamine [Noclac Gl, Oouchi Shinko Kagaku Kogyo K.K.] were thrown, 
and after kneading for 30 seconds, 51 parts of pellets prepared by previously blending 100 parts by weight 

10 of a nylon 6 (trade name: 1030B, produced by Ube Kosan K.K., m.p. 221 ' C, molecular weight 30,000) with 
2 parts by weight of N-£(aminoethyl)Y-aminopropyltrimethoxysilane (trade name: KBM603, produced by 
Shinetsu Kagaku Kogyo K.K., hereinafter called Silane A) were thrown, followed by kneading for 13 minutes 
(during this period, the temperature in the brabender was elevated to 230 " C), to obtain a kneaded product. 
The kneaded product obtained was extruded into a strand by a 20 mm<f> extruder (produced by Haake Co.) 

T5 having a circular die with an Inner nozzle diameter of 2 mm and a ratio of length to inner diameter (L/D) of 
2, and then the extrudate was wound up on a bobbin at a draft ratio of 10 (at speed of 38.8 m/min.) via 
guide rolls set 3 m Immediately below the nozzle. About 500 of the wound up products were bundled into a 
sheet (thickness about 2 mm, width about 150 mm), and the sheet was roll stretched by about 10-fold 
through a pair of rolling rolls at a roll gap of 0.2 mm and a temperature of 60* C to obtain a masterbatch of 

20 a reinforced rubber composition. 

Fractionation, measurement of bound rubber content 

Two (2) grams of the reinforced rubber composition obtained in Example 1-1 were added to 200 ml of 
25 toluene at 80 "C to dissolve the rubbery components in the reinforced rubber composition, and the slurry 
obtained was centrifuged at room temperature to separate the solution portion from the precipitate portion. 
For the precipitate portion, the above operation was repeated 7 times, and thereafter, the precipitate portion 
was dried to obtain nylon fibers. The nylon fibers were dissolved in a solvent mixture of phenol and ortho- 
dichlorobenzene and analyzed by nucleomagnetic resonance spectrum (NMR) of 1 H (internal reference: 
30 tetramethylsilane), and for the respective peaks of the methyl group and the methylene group attributable to 
rubber, the methylene group adjacent to the CO group, the methylene group adjacent to the NH group, and 
three other methylene groups attributable to nylon from the NMR chart, the molar ratio of nylon to rubber 
was determined according to the cut area method to calculate the bound rubber content. Also, the shape of 
the above nylon fibers was measured, for about 200 fibers, by a scanning type microscope with a 
35 magnification of x1 0,000. The fibers were found to be extremely fine short fibers with a circular cross- 
section. The results are summarized in Table 1-1. 

Evaluation test 

40 The reinforced rubber composition obtained In Example 1-1 was vulcanized according to the formula- 
tions shown in Table 1-2 at 145* C for 30 minutes, and the physical properties were measured. The results 
are shown in Table 1-2. 

Example 1-2 

Into a hopper of a 30 mmtf> monoaxial extruder (L/D = 26) set at 240* C, a natural rubber (NR) with a 
melt viscosity of 5 x 10 2 g.sec/cm 2 (5 x 10 5 poise) and N^S-methacryioyloxy^-hydroxypropylJ-N'-phenyl-p- 
phenylenediamine and the nylon pellets previously kneaded with the silane A used in Example 1-1 were 
thrown at a ratio of the natural rubber/N-(3-methacryloyloxy-2-hydroxypropyl)-N'-phenyl-p- 
50 phenylenediamine/nylon pellets of 100/1/51, and extrusion was effected at a rate of 2 kg/hr to obtain a 
kneaded product. Subsequent operations were practiced in the same manner as in Example 1-1. 

The results are summarized in Table 1-1 and Table 1-2. 

Example 1-3 

55 

Into a brabender plastograph set at 220 *C, 50 rpm., were thrown 100 parts of a natural rubber (NR) 
with a viscosity of 1 x 10 3 g.sec/cm 2 (1 x 10 s poise) and 1.0 part of N-(3-methacryloyloxy-2-hydroxypropyl)- 
N'-phenyl-p-phenylenediamine, and after mastication for 30 seconds, 50 parts by weight of a 6-nylon (trade 



21 



Page 22 o f 68 



EP 0 265 070 B1 



name 1030B, produced by Ube Kosan K.K.) and 1 part by weight of the silane A were thrown in, followed 
by kneading for 13 minutes, to obtain a kneaded product Subsequent operations were practiced in the 
same manner as in Example 1-1. 

The results are summarized in Table 1-1 and Table 1-2. 

5 

Example 1-4 

Example 1-1 was repeated except that N-i3(amlnoethyl)7-aminopropylmethyldimethoxysilane (trade 
name: KBM 502, produced by Shinetsu Kagaku Kogyo K.K., hereinafter called silane B) was used in place 
ro of the silane A. 

• The results are summarized in Table 1-1 and Table 1-2. 

Example 1-5 

is Example 1-1 was repeated except that vinytorisOS-methoxyethoxy)silane (trade name: KBM 1003, 
produced by Shinetsu Kagaku Kogyo K.K., hereinafter called silane C) was used in place of the silane A. 
The results are summarized in Table 1-1 and Table 1-2. 

Example 1-6 

20 

Example 1-1 was repeated except that 7-methacryloxypropyltrimethoxysilane (trade name: KBM 503, 
produced by Shinetsu Kagaku Kogyo K.K., hereinafter called silane D) was used in place of the silane A. 
The results are summarized in Table 1-1 and Table 1-2. 

25 Example 1-7 

Example 1-1 was repeated except that y-mercaptopropyltrimethoxysilane(trade name: KBM 803, pro- 
duced by Shinetsu Kagaku Kogyo K.K., hereinafter called silane E) was used in place of the silane A. 
The results are summarized in Table 1-1 and Table 1-2. 

30 

Bcample 1-8 

Example 1-1 was repeated except that jH3,4-epoxy(^ciohexyl)ethyltrimethoxysilane (trade name: KBM 
303, produced by Shinetsu Kagaku Kogyo K.K., hereinafter called silane F) was used in place of the silane 
35 A. 

The results are summarized In Table 1-1 and Table 1-2. 
Example 1-9 

40 Example 1-1 was repeated except that y-chloropropyltrimethoxysilane (trade name: KBM 703, produced 
by Shinetsu Kagaku Kogyo K.K., hereinafter called silane G) was used in place of the silane A. 
The results are summarized in Table 1-1 and Table 1-2. 

Example 1-10 

45 

Example 1-1 was repeated except that N-/8(vinylbenzylaminoethyl)-7-aminopropyltrimethoxysilane hy- 
drochloride (trade name: SZ-6032, produced by Toray Silicone K.K., hereinafter called silane H) was used in 
place of the silane A. 

The results are summarized in Table 1-1 and Table 1-2. 

50 

Comparative Example 1-1 

Into a brabender plastograph set at 220* C, 50 r.p.m. were thrown 100 parts of a natural rubber (NR) 
with a viscosity of 1 x 10 3 g.sec/cm 2 (1 x 10 6 poise) and N-fS-methacryloyloxy^-hydroxypropyO-N'-phenyl- 
55 p-phenylenediamine, and after mastication for 30 seconds, 50 parts by weight of a 6-nylon (1030B) were 
thrown in, followed by kneading for 4.5 minutes, then 2.25 parts of a phenolformaldehyde precondensate 
(trade name: 550 PL, produced by Meiwa Kasei K.K.) were thrown In and kneaded for 3 minutes, and 
thereafter, 0.225 parts of hexamethylenetetramine were thrown in and kneaded for 3.5 minutes, to obtain a 
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kneaded product. Subsequent operations were practiced in the same manner as in Example 1-1. 
The results are summarized in Table 1-1 and Table 1-2. 

Example 1-11 

5 

Example 1-1 was repeated except that a polyisoprene (Kuraplene® IR-10) was used in place of the 
natural rubber (NR). 

The results are summarized in Table 1-1 and Table 1-2. 

to Example 1-12 

Example 1-1 was repeated except that an Isopreneisobutylene copolymer (Essobutyl® 365) was used in 
place of the natural rubber (NR). 

The results are summarized in Table 1-1 and Table 1-2. 

75 

Example 1-13 

Into a brabender plastograph set at 200* C, 50 r.p.m., 100 parts of a cis-1 ,4-polybutadiene (UBEPOLBR- 
150, produced by Ube Kosan K.K.) and 1.0 part of N-(3-methacryloyloxy-2-hydroxypropyl)-N'-phenyl-p- 

20 phenylenediamine (Noclac 61, produced by Oouch Shinko Kagaku K.K.) were thrown in, and after 
mastication for 30 seconds, 51 parts of pellets previously kneaded with 2 parts by weight of the silane A per 
100 parts by weight of a nylon 12 (trade name: 3035U, produced by Ube Kosan K.K., m.p. 176*C) were 
thrown In, followed by kneading for 10 minutes (during this operation, the temperature in the brabender was 
elevated to 205* C), to obtain a kneaded product. The kneaded product obtained was extruded into a stand 

26 by a 20 mm0 extruder (produced by Haake Co.) having a circular die with a nozzle inner diameter of 2 mm 
and a ratio of length to Inner diameter (LVD) of 2 at a die setting temperature of 220* C, Subsequent 
operations were the same as In Example 1-1. 

The results are summarized in Table 1-1 and Table 1-2. 

30 Example 1-14 

Example 1-1 was repeated except that 52 parts of the pellets of 100 parts by weight of a nylon 6 (trade 
name: 1013B, produced by Ube Kosan K.K., m.p. 221 * C, molecular weight 13,000) previously kneaded with 
4 parts by weight of the silane A were used. 
35 The results are summarized in Table 1-1 and Table 1-2. 

Example 1-15 

Example 1-1 was repeated except that 30.6 parts of the nylon previously kneaded with the silane A 
40 were used. 

The results are summarized In Table 1-1 and Table 1-2. 

Example 1-16 

45 Example 1-1 was repeated except that 71.4 parts of the nylon previously kneaded with the silane A 
were used. 

The results are summarized in Table 1-1 and Table 1-2. 
Example 1-17 

50 

Example 1-1 was repeated except that 102 parts of the nylon previously kneaded with the silane A were 
used. 

The results are summarized in Table 1-1 and Table 1-2. 

55 Comparative Example 1-2 

Example 1-1 was repeated except that 122.4 parts of the nylon previously kneaded with the silane A 
were used. 
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The results are summarized in Table 1-1 and Table 1-2. 
Example 1-18 

5 Example 1-1 was repeated except that 50.25 parts by weight of pellets previously kneaded with 0.5 part 
by weight of the silane A per 100 parts by weight of the nylon 6 (1030B) were used. 
The results are summarized in Table 1-1 and Table 1-2. 

Example 1-19 

70 

Example 1-1 was repeated except that 50.5 parts by weight of pellets previously kneaded with 1.0 part 
by weight of the silane A per 100 parts by weight of the nylon 6 (1030B) were used. 
The results are summarized in Table 1-1 and Table 1-2. 

75 Comparative Example 1-3 

Example 1-1 was repeated except that 53 parts by weight of pellets of 100 parts by weight of the nylon 
6 (1 030B) previously kneaded with 6.0 parts by weight of the silane A were used. 
The results are summarized In Table 1-1 and Table 1-2. 

20 

Comparative Example 1-4 

Example 1-1 was repeated except that no silane A was used. 
The results are summarized in Table 1-1 and Table 1-2. 

25 

Comparative Example 1-5 

Example 1-1 1 was repeated except that no silane A was used. 
The results are summarized in Table 1-1 and Table 1-2. 

30 

Comparative Example 1-6 

Example 1-12 was repeated except that no silane A was used. 
The results are summarized in Table 1-1 and Table 1-2. 

35 

Comparative Example 1-7 

Example 1-13 was repeated except that no silane A was used. 
The results are summarized in Table 1-1 and Table 1-2. 

40 
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Table 1-2 (1) 



5 




1-1 


Example 
1-2 


fVarmle 
1-3 


Example 
1-4 


1-5 


1-6 


70 


Amount of reinforced 
rubber composition 
(parts) 


18 


18 


18 


18 


18 


18 




Amount of NR (parts) 


88 


88 


88 


88 


88 


88 




Amount of carbon 


40 


40 


40 


40 


40 


40 


75 


black 1] (parts) 
















rlUCcSa Oil \pcLLX5 J 


in 

1U 


1U 


lfl 


in 

1U 


i n 


lfl 




tiiiic oxiue vpoixsj 


•5 
J 


•5 
J 


■5 


*5 
J 


J 


•a 
J 


20 


oLcaiic ociq spares/ 


O 


2 


2 


2 




C 




810 NA ' (parts) 


1 


1 


1 


1 


1 


1 




NOBS ' (parts) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


25 


S (parts) 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 




Nylon/Total rubber 
x 100 (wt.%) 


6 


6 


6 


6 


6 


6 


30 


2 

100% modulus (kg/cm ) 


60 


61 


71 


60 


62 


61 




2 

300% modulus (kg/art ) 


150 


152 


155 


150 


155 


153 




Tensile strength at 


298 


300 


296 


295 


303 


301 


35 


break (kg/an 2 ) 
















Elongation (%) 


520 


518 


520 


515 • 


528 


517 




Crack growth speed 
(times) 


65,300 


64,500 


51,900 


64,800 


63,300 


64,700 


40 
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Table 1-2 (2) 





Example 
1-7 


Example 

1— O 


Example 


Example 
i— in 


ative 

JUvCUll£JlG 

1-1 


Example 

A 11 


Amount of reinforced 
rubber composition 
(parts) 


18 


18 


18 


18 


18 


18 


Amount of NR (parts) 


88 


88 


88 


88 


88 


88 


Amount of carbon 


40 


40 


40 


40 


40 


40 


black X) (parts) 














Process oil (parts) 


1 A 

10 


1 A 
10 


7 A 
10 


1 A 
1U 


JLU 


au 


Zinc oxide (parts) 


3 


3 


3 


3 


J 




Stearic acid (parts) 


2 


2 


2 


2 


2 


2 


810 NA (parts) 


1 


1 


1 


1 


1 


1 


NOBS 3) (parts) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


S (parts) 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


Nylon/Total rubber 
x 100 (wt.%) 


6 


6 


6 


6 


6 


6 


2 

100% modulus (kg/an ) 


63 


68 


65 


67 


59 


61 


2 

300% modulus (kg/cm ) 


159 


154 


152 


153 


148 


152 


Tensile strength at 


303 


295 


296 


298 


301 


298 


2 

break (kg/cm ) 














Elongation (%) 


525 


515 


520 


515 


530 


515 


Crack growth speed 
(times) 


62,500 


53,200 


58,700 


54,500 


32,400 


65,200 
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Table 1-2 (3) 





Example 
1-12 


Example 
1-13 


Exanple 
1-14 


Example 
1-15 


Example 
1-16 


Example 
1-17 


Amount of reinforced 
ruooer ccr^xjsiuiou 
(parts) 


18 


18 


18 


26 


14.6 


12 


Amount of NR (parts) 


88 


88 


88 


80 


91.4 


94 


Amount of carbon 


40 


40 


40 


40 


40 


40 


1) 

black L} (parts) 














Process oil (parts) 


10 


10 


10 


10 


10 


10 


Zinc oxide (parts) 


3 


3 


3 


3 


3 


3 


Stearic acid (parts) 


2 


2 


2 


2 


2 


2 


810 NA 2) (parts) 


1 


1 


1 


1 


1 


1 


NOBS ' (parts) 


0.5 


A C 

0.5 


A C 

0.5 


0.5 


0.0 


A C 
0.3 


S (parts) 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


Nylon/Total rubber 


6 


6 


6 


6 


6 


6 


2 

100% modulus (kg/an ) 


68 


70 


63 


52 


65 


71 


300% modulus (kg/an 2 ) 


160 


161 


158 


146 


161 


163 


Tensile strength at 


290 


284 


305 


312 


287 


282 


break (kg/an 2 ) 














Elongation (%) 


505 


490 


530 


540 • 


500 


490 


Crack growth speed 
(times) 


54,100 


52,400 


61,800 


73,600 


64,100 


50,900 
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Compar- 
ative 
Example 
1-2 


Example 
1-18 


Example 
1-19 


Compar- 
ative 
Example 
1-3 


Compar- 
ative 
Example 
1-4 


rubber cocposition 

frvar+cl 


11 


18 


18 . 


18 


18 


Hn^im^ MP v+q ^ 






88 


88 


88 


Anwimf" o"F rarhon 


40 


- - 40 


40 


40 


40 


black X) (parts) 












Process oil (parts) 


10 


10 


10 


10 


10 


Zinc oxide (parts) 


3 


3 


3 


3 


3 


Stearic acid (parts) 


2 


2 


2 


2 


2 


810 m " (parts) 


1 


1 


1 


1 


1 


NOBS 3) (parts) 


0.5 


0.5 


0.5 


0.5 


0.5 


S (parts) 


2.5 


2.5 


2.5 


2.5 


2.5 


Nylon/Total rubber 
x 100 (wt.%) 


6 


6 


6 


6 


6 


2 

100% modulus (kg/cm ) 


90 


71 


65 


40 


94 


300% modulus (kg/an ) 


170 


155 


153 


120 


176 


Tensile strength at 


250 


296 


298 


290 


247 


2 

break (kg/cm ) 












Elongation (%) 


400 


520 


525 


570 


390 


Crack growth speed 
(fines) 


20,700 


56,200 


62,100 


51,100 


15,200 
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Note 1) carbon black (trade name: Diablack H, 
produced by Mitsubishi Kasei Kogyo K.K.); 
5 Note 2) N-phenyl-N-isopropyl-p-phenylenediamine; 

Note 3) mixture of the two compounds of N- 
oxyethylene-2-benzothiazyl-sulf enamide ( 70% ) and 
iq dibenzo-thiazylsulfide (10%) . 

The starting material names, trade names and manufacturing company names used in Examples 2 - 1 
to 2-15 and comparative Examples 2-1 and 2-2 are summarized in Table 2-1 shown below. 

75 Example 2-1 

Into a banbury mixer controlled at 150* C were thrown 100 parts of EP-33, 5 parts of 1030u (nylon 6), 2 
parts of Tamanol 510, 1 part of Noclac G1 and 0.5 parts of KBM 603, and the^mixture was kneaded for 10 
minutes. During this period, the temperature in the mixer was elevated to 240* C, 1030u was melted to be 

20 finely dispersed into EP-33, and EP-33 was found to be grafted as the interfaces of the dispersed particles. 
The kneaded product obtained was extruded through an extruder by a die with an inner diameter of 2 mm, 
wound up at a draft ratio of 20, and rolled through rolls to give the reinforced rubber composition of the 
present invention. 

The reinforced rubber composition was analyzed as described below. 

25 Two (2) grams each of the reinforced rubber compositions were added to 200 ml of toluene at room 
temperature or 80 *C to dissolve the rubbery components in the reinforced rubber composition, and the 
slurry obtained was centrifuged at room temperature to separate the solution portion from the precipitate 
portion. 

For the precipitate portion, the above operation of toluene dissolution and centrifugation was repeated 7 
30 times, and thereafter, the precipitate portion was dried to obtain nylon fibers. The shape and the fiber 
diameter of the nylon fibers obtained were measured for 400 fibers by a scanning type electron microscope 
with a magnification of x 10,000. 

Also, the nylon fibers were dissolved in a solvent mixture of phenol and ortho-dichlorobenzene and 
analyzed by nucleomagnetic resonance spectrum (NMR) of 1 H (internal reference: tetramethylsilane) and, 
35 for the respective peaks of the methylene group adjacent to NH group attributable to nylon and the methyl 
group attributable to rubber from the NMR chart, the areas were determined and the molar ratio of nylon to 
rubber and the bound rubber content were calculated. 

Example 2-2 

40 

A reinforced rubber composition of the present invention was obtained in the same manner as in 
Example 2-1 except for changing the amount of 1030u used to 50 parts by weight and the amount of KBM 
603 used to 1 part by weight. The reinforced rubber composition obtained was analyzed according to the 
same procedure as in Example 2-1 . 

45 

Example 2-3 

A reinforced rubber composition of the present invention was obtained in the same manner as in 
Example 1 except for changing the amount of 1030u used to 80 parts by weight and 1 part by weight of 
50 KBC 1003 was added. The reinforced rubber composition obtained was analyzed according to the same 
procedure as in Example 2-1 . 

Comparative Example 2-1 

55 A rubber composition was obtained in the same manner as In Example 2-2 except for changing the 
amount of KBM 603 used to 0.1 part by weight. The rubber composition obtained was analyzed according 
to the same procedure as in Example 2-1 . 
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Example 2-4 

An amount of 100 parts by weight of EP 33, 2 parts by weight of Tamanol 510 and 1 part by weight of 
Noclac G1 were mixed on 10 Inch rolls. The mixture obtained, 1030u, KBM 603 and KBM 803 were 

5 continuously fed at a feeding ratfo of 103:50:0.5:0.5 into a 65 mm kneading extruder (produced by Ikegal 
Tekko). The temperatures at the screw tip, the head and the nozzle were set at 250* C, and the discharged 
amount was 16 kg/hr. The discharged product was fed into a 50 mm extruder (produced by Nippon Seiko), 
spun at a temperature of 250° C, wound up at a draft ratio of 15 and a wind-up speed of 45 m/min., and fed 
into a 60 mm plasticizing extruder (produced by Sanyo Seisakusho) to obtain a reinforced rubber 

ro composition of the present invention. At this time, the plasticizing temperature was 120 - C. The rubber 
composition obtained was analyzed according to the same procedure as in Example 2-1. 

Examples 2-5 - 2-6 

75 Reinforced rubber compositions of the present invention were obtained respectively in the same manner 
as in Example 2-4 except that the amount and the kind of the coupling agent were changed (in Example 2- 
5, 1 part by weight of Plainact KR 44 was used, and In Example 2-6, each 0.5 part by weight of KBM 603 
and Plainact KR7 was used). The rubber compositions obtained were analyzed in the same manner as in 
Example 2-1. 

20 

Example 2-7 

An amount of 100 parts by weight of EP 33, 2 parts by weight of Tackiroll EP 20 and 1 part by weight 
of Nowguard XL-1 were mixed on 10 inch rolls. The mixture, 2020u, KBM 603 and Plainact KR 7 were 

25 continuously fed into a 30 mm twin screw extruder (produced by Nakatani Seisakusho) at a feeding ratio of 
103:50:0.5:0.5. The temperatures of the screw tip, the head and the nozzle were set at 270* C, and the 
discharged amount was 5 kg/h. The starting materials kneaded in the extruder were extruded through a 
nozzle with circular cross-sections (L/D = 2, D = 2 mm0, 10 holes) and wound up at a draft ratio of 15. 
The wound up product was plasticized by 10 inch rolls to obtain a reinforced rubber composition of the 

30 present invention. The rubber composition obtained was analyzed according to the same procedure as 
Example 2-1. 

Example 2-8 

35 A reinforced rubber composition of the present invention was obtained in the same manner as In 
Example 2-7 except for using EP 43 in place of EP 33. The rubber composition obtained was analyzed in 
the same manner as in Example 2-1. 

Example 2-9 

40 

A reinforced rubber composition was prepared in the same manner as in Example 2-8 except for 
changing the kind and the amount of the coupling agent (using 1 part by weight of KBM 603 and 1 part by 
weight of maleic anhydride). The rubber composition obtained was analyzed according to the same 
procedure as in Example 2-1. 

45 

Example 2-10 

A reinforced rubber composition was prepared in the same manner as in Example 2-7 except for 
changing the kind and the amount of the coupling agent (using 1 part by weight of Plainact KR 44 and 1 
so part by weight of maleic anhydride). The rubber composition obtained was analyzed according to the same 
procedure as in Example 2-1 . 

The composition ratios of the starting materials and the analytical results of the reinforced rubber 
compositions obtained in Examples 2-1 to 2-10 and Comparative Example 2-1 are summarized in Table 2-2 
shown below. 

55 Next, the excellent properties of the reinforced rubber compositions of the present invention are clarified 
by the following Examples (test examples). 

Example 2-11 
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An amount of 65.1 parts of the reinforced rubber composition obtained in Example 2-1 , 40 parts of EP 
22, 50 parts of HAF carbon black, 25 parts of a naphthenic process oil (Cormolex No. 2, produced by 
Nippon Sekiyu), 5 parts of zinc oxide and 1 part of stearic acid were kneaded by a banbury mixer for 5 
minutes. The temperature in the mixer on starting of kneading was 60 # C and the rotor rotational number 

s was 75 RPM. The kneaded product was formulated with 1 .5 parts of a vulcanization accelerator TS, 0.5 part 
of a vulcanization accelerator M and 1.5 parts of sulfur per 100 parts of the rubber components in said 
kneaded product on 10 inch rolls to prepare an unvulcanized rubber formulated product. 

The physical properties of the unvulcanized rubber formulated product and the physical properties of 
the valcanized rubber of said formulated product were measured as follows. 

10 The shear viscosity i? a and the die swell ratio were measured by a Capilograph (produced by Toyo 
Selkl) and the surface smoothness was examined by visual observation of the surface of the extrudate. The 
measurement was conducted under the conditions of a temperature of 100* C, a shear rate of 100 sec" 1 
and an L/D of a capillary of 2 (1 mm0). 

Also, the roll processability of the above formulated product was judged by the smoothness of the 

/5 division of the sheet by rolls and the wind-up characteristic around rolls. 

A sheet with a thickness of 2.3 mm was prepared by rolls, placed in a mold for hot press (150 mm x 
150 mm x 20 mm) and a sample was prepared under the conditions of 80° C x 60 minutes (for 
measurement of green strength of unvulcanized sheet) or 160*C x 30 minutes (for measurement of 
vulcanized product properties). 

20 The above unvulcanized sheet was punched out by a JIS No. 1 dumbbell in the direction parallel to the 
grain of said sheet, and the tensile test was conducted by use of the test strip obtained to measure the 
tensile strength (green strength). The measurement was made at 22° C, the tensile speed 100 mm/min. and 
the distance between gage points 20 mm. The maximum stress in the course of elongation was determined 
as the green strength. 

2s For the vulcanized sheet, measurement was conducted according to the regulations of JIS K6301. In a 
normal temperature tensile test, a test strip was prepared by punching by .a JIS No, 1 dumbbell in the 
direction parallel to the grain of the sheet and, In the heat resistant aging test, the above No. 1 dumbbell 
was exposed in an air atmosphere at 150"C for 72 hours by a gear type aging tester, and then each 
dumbbell was measured according to the same method as the above tensile test. 

30 In the tear propagation test, B-type test strip was punched out in the direction perpendicular to the grain 
of the vulcanized sheet, and the tear strength T R (kgf/cm) was measured by a tensile tester. 

Example 2-12 

35 An unvulcanized rubber formulated product was prepared in the same manner as in Example 2-11 
except for formulating 61 .6 parts of the reinforced rubber composition obtained In Example 2-2 in place of 
the reinforced rubber composition obtained In Example 2-1 and formulating 60 parts of EP 22. The physical 
properties of this unvulcanized rubber formulated product and the physical properties of the vulcanized 
product of said formulated product were measured as in Example 2-11. 

40 

Example 2-13 

An unvulcanized rubber formulated product was prepared in the same manner as In Example 2-11 
except for formulating 180 parts of the reinforced rubber composition obtained in Example 2-3 in place of 
45 the reinforced rubber composition obtained in Example 2-1 and not formulating EP 22. The physical 
properties of this unvulcanized rubber formulated product and the physical properties of the vulcanized 
product of said formulated product were measured as in Example 2-1 1 . 

Example 2-14 

50 

An unvulcanized rubber formulated product was prepared in the same manner as in Example 2-11 
except for formulating 30.8 parts of the reinforced rubber composition obtained in Example 2-7 in place of 
the reinforced rubber composition obtained in Example 2-1 and formulating 80 parts of EP 22. The physical 
properties of this unvulcanized rubber formulated product and the physical properties of the vulcanized 
55 product of said formulated product were measured as in Example 2-11. 

Example 2-15 
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An unvulcanlzed rubber formulated product was prepared in the same manner as fn Example 2-11 
except for formulating 31 parts of the reinforced rubber composition obtained In Example 2-9 in place of the 
reinforced rubber composition obtained in Example 2-1 and formulating 80 parts of EP 22. The physical 
properties of this unvulcanized rubber formulated product and the physical properties of the vulcanized 
5 product of said formulated product were measured as in Example 2-1 1 . 

Comparative Example 2-2 

An unvulcanized rubber formulated product was prepared In the same manner as in Example 2-11 
70 except for not formulating a reinforced rubber composition and formulating 100 parts of EP 22. The physical 
properties of this unvulcanized rubber formulated product and the physical properties of the vulcanized 
product of said formulated product were measured as in Example 2-11. 

The results of measurement of the physical properties of the unvulcanized rubber formulated products 
and the physical properties of the vulcanized products of said formulated products are summarized in Table 
75 2-3 shown below. 
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In the following Examples and Comparative Examples, the starting material names, codes, trade names 
so and manufacturing company names used are summarized in Table 3-1 . 

The reinforced rubber compositions (A) used in Examples and Comparative Examples were prepared 
according to the following method 0) or (ii). 

(i) Into a banbury mixer controlled at 150 # C were thrown 100 parts of EP-1, 2 parts of Tamanol 510, 1 
part of Noclac Ql and 70 parts of nylon 6, and the mixture was kneaded for 4 minutes. During this period, 
55 the temperature In the mixer was elevated to 230* C and the nylon 6 was melted. Next, 2 parts of 550PL 
were added and the mixture was kneaded for 6 minutes, and further 0.2 parts of hexamethylenetetramine 
was added and kneaded for 3 minutes to effect graft reaction, followed by dumping. The resultant 
kneaded product was extruded through an extruder by a die with an inner diameter of 2 mm, then 
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stretched at a draft ratio of 20 and a speed of 40 m/min., followed by rolling of the stretched product 
through rolls. This rolled product is called MS-1, and said MS-1 formulated with EP-3 becomes the 
reinforced rubber composition (A). 

(ii) EP-1 or EP-2 at a rate of 3 kg/h, nylon 6 or nylon 66 at a rate of 3 kg/h, Tamanol 510 at a rate of 60 
5 g/h, Noclac Gl at a rate of 30 g/h and a coupling agent at a rate of 30 to 60 g/h were fed quantitatively 

through the hopper hole into a 30 mm twin screw kneading extruder (produced by Nakatani Seisakusho). 

The strand discharged from the extruder was wound up at a draft ratio of about 15 and plasticized by 

rolling rolls. These plasticized products are called MS-2 - MS-7, and said MS-2 - MS-7 formulated with 

EP-3 become the reinforced rubber compositions (A). 
10 The composition ratios of MS-1 - MS-7 are set forth in Table 3-2 shown beiow. 

Example 3-1 

An amount of 86 parts of EP-3, 24 parts of MS-1, 2 parts of a methylene acceptor (Sumikanol 620), 50 
is parts of HAF carbon, 25 parts of a process oil (Cormolex No. 2, produced by Nippon Sekiyu), 5 parts of 
zinc oxide and 1 part of stearic acid were formulated by kneading in a banbury mixer. The kneaded product 
was formulated with addition of 2 parts of a methylene donor, 1.5 parts of a vulcanization accelerator 
TMTM, 0.5 parts of a vulcanization accelerator MBT and 1.5 parts of sulfur on rolls. From the formulated 
product (rubber composition), a sheet with a thickness of 2 mm was prepared and a test strip was punched 
20 out in the form of the JIS No. 1 dumbbell, and subjected to a tensile test to determine the tensile strength 
and elongation. Also, the above formulated product was formed into a 2 mm sheet and press vulcanized at 
160* C for 30 minutes, a test strip of the vulcanized state was punched out in the form of the JIS No. 3 
dumbbell and a tensile test was conducted to determine the M100 . tensile strength, and elongation. 
Measurement was conducted at room temperature, following the method of JIS K6301. 

25 

Comparative Example 3-1 

A rubber composition was obtained in the same manner as in Example 3-1 except for not formulating 
the methylene acceptor and methylene donor. For the rubber composition obtained, the same measure- 
so ments as in Example 3-1 were conducted. 

Examples 3-2 - 3-4 

Except for using reinforced rubber composition (A) formulated with 95 - 50 parts of EP-3 and 10 - 100 
35 parts of MS-2, respective rubber compositions were obtained in the same manner as in Example 3-1. The 
same measurements as in Example 3-1 were conducted for the rubber compositions obtained, respectively. 

Comparative Example 3-2 

40 A rubber composition was obtained in the same manner as in Example 3-1 except for using EP-3 in 
place of the reinforced rubber composition (A). For the rubber composition obtained, the same measure- 
ments as in Example 3-1 were conducted. 

Example 3-5 - 3-8 

45 

Respective rubber compositions were prepared in the same manner as in Example 3-3 except for 
varying the amounts of the methylene acceptor and the methylene donor or changing the kinds of the 
above acceptor and the above donor. The same measurements as in Example 3-1 were conducted for the 
rubber compositions obtained, respectively. 

50 

Examples 3-9 - 3-1 1 

Respective rubber compositions were prepared in the same manner as in Example 3-3 except for using 
MS-4, MS-5 or MS-6 In place of MS-2. The same measurements as in Example 3-1 were conducted for the 
55 rubber compositions obtained, respectively. 

Examples 3-12 - 3-13 
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Respective rubber compositions were prepared in the same manner as in Example 3-3 except for using 
MS-3 or MS-7 and Nipsil VN3 in place of MS-2 and HAF carbon. The same measurements as in Example 
3-1 were conducted for the rubber compositions obtained, respectively. 

s Comparative Example 3-3 

A rubber composition was obtained in the same manner as in Example 3-2 except for increasing the 
amount of HAF carbon to 100 parts. The same measurements as in Example 3-1 were conducted for the 
rubber composition obtained. 

70 

Comparative Example 3-4 

A rubber composition was obtained in the same manner as in Comparative Example 3-2 except for 
excluding the methylene acceptor and further formulating 40 parts of SANTOWEB as the organic fiber 
75 reinforcing agent. The same measurements as in Example 3-1 were conducted for the rubber composition 
obtained. 

Comparative Example 3-5 

20 A rubber composition was obtained in the same manner as in Example 3-4 except for using nylon 6 
short fibers as the organic fiber reinforcing agent. The same measurements as in Example 3-1 were 
conducted for the rubber composition obtained. 

The formulated compositions and the results of measurement of the physical properties of the rubber 
compositions in Examples 3-1 - 3-13 and Comparative Examples 3-1 - 3-5 are summarized in the following 

25 Table 3-3(1) -(4). 
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In the following Examples and Comparative Examples, the Mooney viscosity MLi** (100* C) of the 
55 bead filler rubber composition was measured according to JIS K 6300, and the physical properties (tensile 
modulus, tensile strength, flexing number, hardness) were measured according to JIS K 6301 . 

The compositions (formulated ratios) of the reinforced rubber compositions In the following Examples 4- 
1 to 4-16 and Comparative Examples 4-1 - 4-2, the compositions (formulated ratios) of the bead filler rubber 
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compositions of the present invention and the physical properties of the bead filler rubber compositions of 
the present invention are summarized in Table 4-1 and Table 4-2 shown below. 

Example 4-1 

5 

Into a brabender plastograph set at 220* C, 50 r.p.m., 100 parts of a natural rubber (NR) with a melt 
viscosity of 1 x 10 3 g.sec/cm 2 (1 x 10 6 poise) and 1.0 part of an antioxidant of N-(3-methacrylolyoxy-2- 
hydroxypropylJ-N'-phenyl-p-phenylenediamine [Noclac G-1, Oouchl Shlnko Kagaku Kogyo K.K.] were 
thrown, and after kneading for 30 seconds, 51 parts of pellets prepared by previously blending 100 parts by 

70 weight of a nylon 6 (trade name: 1030B, produced by Ube Kosan K.K., m.p. 221*0, molecular weight 
30,000) with 2 parts by weight of N-)3(amlnoethyl)7-aminopropyltrlmethoxysllane (trade name: KMB603, 
produced by Shinetsu Kagaku Kogyo K.K., hereinafter called Silane A) were thrown in, followed by kneading 
for 13 minutes (during this period, the temperature in the brabender was elevated to 230* C), to obtain a 
kneaded product. The kneaded product obtained was extruded Into a strand by a 20 mm0 extruder 

75 (produced by Haake Co.) having a circular die with a nozzle inner diameter of 2 mm and a ratio of length to 
inner diameter (L/D) of 2, and then the extrudate was wound up on a bobbin at a draft ratio of 10 (at speed 
of 38.8 m/min.) via guide rolls set 3 m Immediately below the nozzle. About 500 of the wound up products 
were bundled into a sheet (thickness about 2 mm, width about 150 mm), and the sheet was^roll stretched 
by about 10-fold through a pair of rolling rolls at a roll gap of 0.2 mm and a temperature of 60* C to obtain a 

20 reinforced rubber composition (masterbatch) (Sample 4-1). 

Thereafter, by means of a banbury set at 90* C, 77 r.p.m., the formulation components of the recipe 
shown in Table 4-2 excluding the vulcanization accelerator and sulfur were kneaded to obtain a kneaded 
product, and subsequently, the kneaded product was kneaded with an accelerating agent and sulfur on 10 
inch rolls, which was then rolled into a sheet, followed by vulcanization in a mold to obtain a vulcanized 

25 product. Vulcanization was conducted at 145* C for 40 minutes. 

Example 4-2 

Example 4-1 was repeated except that vinyltris(/3-methoxyethoxy)silane (trade name: KBC 1003, 
30 produced by Shinetsu Kagaku Kogyo K.K., silane B) was used in place of the silane A to obtain a reinforced 
rubber composition (Sample 4-2), and a bead filler composition was obtained In the same manner as in 
Example 4-1 except for using the Sample 4-2 as the reinforced rubber composition. 

Example 4-3 

35 

Example 4-1 was repeated except that 7-methacryloxypropyltrimethoxysilane (trade name: KBM 503, 
produced by Shinetsu Kagaku Kogyo K.K.. silane C) was used In place of the silane A to obtain a reinforced 
rubber composition (Sample 4-3), and a bead filler composition was obtained in the same manner as in 
Example 4-1 except for using the Sample 4-3 as the reinforced rubber composition. 

40 

Example 4-4 

Example 4-1 was repeated except that 7-mercaptopropyltrimethoxysilane (trade name: KBM 803, 
produced by Shinetsu Kagaku Kogyo K.K., silane D) was used in place of the silane A to obtain a reinforced 
45 rubber composition (Sample 4-4), and a bead filler composition was (Obtained in the same manner as in 
Example 4-1 except for using the Sample 4-4 as the reinforced rubber composition. 

Example 4-5 

50 Example 4-1 was repeated except that fl-(3,4-epoxycyclohexyl)ethyltrimethoxy silane (trade name KBM 
303, produced by Shinetsu Kagaku Kogyo K.K., silane E) was used in place of the silane A to obtain a 
reinforced rubber composition (Sample 4-5), and a bead filler composition was obtained in the same 
manner as in Example 4-1 except for using the Sample 4-5 as the reinforced rubber composition. 

65 Example 4-6 

Example 4-1 was repeated except that 52 parts of pellets previously kneaded with 4 parts of the silane 
A per 100 parts of a nylon 6 (trade name: 1013B, produced Ube Kosan K.K., m.p. 221 * C, molecular weight 
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13,000) were used to obtain a reinforced rubber composition (Sample 4-6), and a bead filler composition 
was obtained in the same manner as In Example 4-1 except for using the Sample 4-6 as the reinforced 
rubber composition. 

5 Example 4-7 

Example 4-1 was repeated except that the amount of the 6-nylon thrown into the natural rubber was 
changed to 100 parts to obtain a reinforced rubber composition (Sample 4-7), and a bead filler composition 
was obtained In the same manner as in Example 4-1 except for using the Sample 4-7 as the reinforced 
70 rubber composition. 

Example 4-8 

Example 4-1 was repeated except that the amount of the 6-nylon thrown into the natural rubber was 
75 changed to 100 parts to obtain a reinforced rubber composition (Sample 4-8), and a bead filler composition 
was obtained in the same manner as in Example 4-1 except for using the Sample 4-8 as the reinforced 
rubber composition. 

Examples 4-9 - 4-13 

20 

Bead filler rubber compositions were obtained in the same manner as in Example 4-2 except that the 
composition (formulation ratios) of the respective components were changed as shown in Table 4-2. 

Examples 4-14 - 4-16 

25 

Bead filler rubber compositions were obtained in the same manner as in Example 4-1 except for 
changing the kind of carbon black formulated. 

Comparative Examples 4-1 - 4-2 

30 

Bead filler rubber compositions were obtained in the same manner as in Example 4-1 except for 
changing the proportions (composition) of the respective components as shown in Table 4-2 without using a 
reinforced rubber composition. 

Measurements of the bound rubber in the respective Samples 4-1 - 4-8 (reinforced rubber composi- 
35 tions) shown in Table 4-1 were conducted as follows. 

Measurement of Bound Rubber Content 

Two (2) grams each of the reinforced rubber compositions were added to 200 ml of toluene at 80* C to 
40 dissolve the rubbery components in the reinforced rubber composition, and the slurry obtained was 
centrlfuged at room temperature to separate the solution portion from the precipitate portion. For the 
precipitate portion, the above operation was repeated 7 times, and thereafter, the precipitate portion was 
dried to obtain nylon fibers. The nylon fibers were dissolved in a solvent mixture of phenol and ortho- 
dichlorobenzene and analyzed by a nucleomagnetic resonance spectrum (NMR) of 1 H (internal reference: 
45 tetramethylsilane), and for the respective peaks of the methyl group and the methylene group attributable to 
rubber, the methylene group adjacent to the CO group, the methylene group adjacent to the NH group, and 
three other methylene groups attributable to nylon from the NMR chart, the molar ratio of nylon to rubber 
was determined according to the cut area method to calculate the bound rubber content. Also, the shape of 
the above nylon fibers was measured for about 200 fibers by a scanning type microscope with a 
so magnification of x 10,000. The fibers were found to be extremely fine short fibers with a circular cross- 
section. 

(note 1) to (note 4) in Table 4-2 are as follows: 

(Note 1) BR: polybutadiene (UBEPOL-BR100, produced by Ube Kosan K.K.); 

(note 2) SBR: styrene-butadiene copolymer rubber (SBR-1500. produced by Nippon Synthetic Rubber 
55 K.K.); 

(note 3) N-330: HAF, particle size 30 mu, DBP absorption 110 ml/100 g; 
N-440: FF, particle size 38 mu,, DBP absorption 75 ml/100 g; 
N-550: FEF, particle size 41 mu, DBP absorption 122 ml/100 g; 
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N-660: GPF, particle size 84 nut, DBP absorption 81 ml/100 g. 
(note 4) other formulating agents: 

zinc oxide: 5 parts, stearic acid: 2 parts, antioxidant: N-phenyl-N '-isopropyl-P-phenylenediamine: 1 part, 
vulcanization accelerator N-oxydiethylenebenzothiazyl-2-sulfenamide: 0.8 parts, sulfur: 3 parts (4 parts only 
5 for Comparative Example 4-1). 
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In the following Examples and Comparative Examples the Mooney viscosity MU+* (100*C) of the 
55 rubber composition was measured following JIS K6300, the tensile modulus of the vulcanized product 
following JIS K6301 and the plcoabrasion following ASTM D2228. Wet skid resistance was measured by 
use of a portable skid tester, and by use of Safety Walk (type B) of 3M Co. 

The compositions of the reinforced rubber compositions (formulated ratios) In the following Examples 5- 
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1 - 5-14 and Comparative Example 5-1, the compositions of the cap tread rubber compositions (formulated 
ratios) of the present invention and the physical properties of the rubber compositions for a cap tread of the 
present invention are summarized in Table 5-1 and Table 5-2 shown below. 

5 Example 5-1 

Into a brabender plastograph set at 220 *C, 50 r.p.m., 100 parts of a natural rubber (NR) with a melt 
viscosity of 1 x 10 3 g.sec/cm 2 (1 x 10 5 poise) and 1.0 part of an antioxidant of N-(3-methacryloy1oxy-2- 
hydroxypropyO-N'-phenyl-p-phenylenediamine [Noclac G-1, Oouchi Shinko Kagaku Kogyo K.K.] were 

10 thrown and, after kneading for 30 seconds, 51 parts of pellets prepared by previously blending 100 parts by 
weight of a nylon 6 (trade name: 1030B, produced by Ube Kosan K.K., m.p. 221 *C, molecular weight 
30,000) with 2 parts by weight of N-)3(aminoethyl)7-aminopropyltrimethoxysilane (trade name: KMB603, 
produced by Shinetsu Kagaku Kogyo K.K., hereinafter called Silane A) were thrown, followed by kneading 
for 13 minutes (during this period, the temperature in the brabender was elevated to 230 *C), to obtain a 

15 kneaded product. The kneaded product obtained was extruded into a strand by use of a 20 mm0 extruder 
(produced by Haake Co.) having a circular die with an inner diameter of nozzle of 2 mm and a ratio of 
length to inner diameter (UD) of 2, and then the extrudate was wound up on a bobbin at a draft ratio of 10 
(at speed of 38.8 m/min.) via guide rolls set at 3 m immediately below the nozzle. About 500 of the wound 
up products were bundled into a sheet (thickness about 2 mm, width about 150 mm), and the sheet was roll 

20 stretched to about 10-fold through a pair of rolling rolls at a roll gap of 0.2 mm and a temperature of 60* C 
to obtain a reinforced rubber composition (masterbatch) (Sample 5-1). 

Next, by means of a banbury set at 90* C, 77 r.p.m., the formulation components of the recipe shown in 
Table 5-2 excluding the vulcanization accelerator and sulfur were kneaded to obtain a kneaded product, and 
subsequently, the kneaded product was kneaded with an accelerating agent and sulfur on 10 inch rolls, 

25 which was then rolled out into a sheet, followed by vulcanization in a mold to obtain a vulcanized product. 
Vulcanization was conducted at 145* C for 40 minutes. 

Example 5-2 

30 Example 5-1 was repeated except that vinyltris(fl-methoxyethoxy)silane (trade name: KBC 1001, 
produced by Shinetsu Kagaku Kogyo K.K., silane B) was used in place of the silane A to obtain a reinforced 
rubber composition (Sample 5-2), and a rubber composition for a cap tread was obtained in the same 
manner as in Example 5-1 except for using the Sample 5-2 as the reinforced rubber composition. 

35 Example 5-3 

Example 5-1 was repeated except that 7-methacryloxypropyltrimethoxy silane (trade name: KBM 503, 
produced by Shinetsu Kagaku Kogyo K.K., silane C) was used in place of the silane A to obtain a reinforced 
rubber composition (Sample 5-3), and a rubber composition for a cap tread was obtained in the same 
40 manner as in Example 5-1 except for using the Sample 5-3 as the reinforced rubber composition. 

Example 5-4 

Example 5-1 was repeated except that 7-mercaptopropyltrimethoxysilane (trade name: KBM 803, 
45 produced by Shinetsu Kagaku Kogyo K.K., silane D) was used in place of the silane A to obtain a reinforced 
rubber composition (Sample 5-4), and a rubber composition for a cap tread was obtained in the same 
manner as in Example 5-1 except for using the Sample 5-4 as the reinforced rubber composition. 

Example 5-5 

60 

Example 5-1 was repeated except that B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane (trade name KBM 
303, produced by Shinetsu Kagaku Kogyo K.K., silane E) was used in place of the silane A to obtain a 
reinforced rubber composition (Sample 5-5), and a rubber composition for a cap tread was obtained in the 
same manner as in Example 5-1 except for using the Sample 5-5 as the reinforced rubber composition. 

65 

Example 5-6 

Example 5-1 was repeated except that 52 parts of pellets previously kneaded with 4 parts of the silane 
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A per 100 parts of a nylon 6 (trade name: 101 3B, produced Ube Kosan K.K., m.p. 221 * C, molecular weight 
13,000) were used to obtain a reinforced rubber composition (Sample 5-6), and a rubber composition for a 
cap tread was obtained in the same manner as in Example 5-1 except for using the Sample 5-6 as the 
reinforced rubber composition. 

5 

Example 5-7 

Example 5-1 was repeated except that the amount of the 6-nylon thrown into the natural rubber was 
changed to 100 parts to obtain a reinforced rubber composition (Sample 7), and a rubber composition for a 
70 cap tread was obtained In the same manner as in Example 5-1 except for using the Sample 5-7 as the 
reinforced rubber composition. 

Example 5-8 

75 Example 5-1 was repeated except that the amount of the 6-nylon thrown Into the natural rubber was 
changed to 100 parts to obtain a reinforced rubber composition Sample 5-8), and a rubber composition for a 
cap tread was obtained in the same manner as in Example 5-1 except for using the Sample 5-8 as the 
reinforced rubber composition. 

20 Examples 5-9 - 5-11 

Rubber compositions for a cap tread were obtained In the same manner as in Example 5-2 except that 
the composition (formulation ratios) of the respective components were changed as shown in Table 5-2. 

26 Examples 5-12 - 5-14 

Rubber compositions for a cap tread were obtained in the same manner as In Example 5-1 except for 
changing the kind of carbon black formulated. 

30 Comparative Example 5-1 

A rubber composition for a cap tread was obtained in the same manner as in Example 5-1 except for 
changing the proportions (composition) of the respective components as shown in Table 5-2 without use of 
reinforced rubber composition. 
35 Measurement of the bound rubber in the respective Samples 5-1 - 5-8 (reinforced rubber compositions) 
shown in Table 5-1 were conducted in the same manner as mentioned above. 

The (note 1) to (note 4) in Table 5-2 are as follows: 

(note 1) BR: polybutadiene (UBEPOL-BR100, produced by Ube Kosan K.K.); 

(note 2) N-110: SAF, particle size 18 mu, DBP absorption 115 ml/100 g; 
40 N-220: ISAF, particle size 21 mu, DBP absorption 117 ml/100 g; 

N-330: HAF, particle size 30 ma, DBP absorption 110 ml/100 g; 

N-440: FF, particle size 38 ma, DBP absorption 75 ml/100 g. 

N-330: FEF, particle size 41 mu, DBP absorption 122 ml/100 g; 

(note 3) other formulating agents: 
45 zinc oxide: 3 parts, stearic acid: 2 parts, antioxidant: N-phenyl-N -isopropyl-P-phenylenediamine: 1 part, 
vulcanization accelerator: N-oxydiethylenebenzothlazyl-2-sulfenamide: 0.8 parts, sulfur: 1 ,7 parts. 
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In the following, the Mooney viscosity of the rubber composition was measured following JIS K6300, the 
55 hardness and tear strength of the vulcanized product following JIS K6301 and the picoabrasion following 
ASTM D2228. Cut resistance was measured with a test strip of 30 x 30 x 2 mm by a Du Pont impact tester. 
However, the blade tip angle of the receiving stand was made 45*, the diameter 1.27 cm, and the falling 
dart weight 300 g, and the point at which half of the 10 test strips were damaged was determined as the 
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breaking point. 

The compositions of the reinforced rubber compositions (formulated ratios) in the following Examples 6- 
1-6-10 and Comparative Examples 6-1 - 6-4, the compositions (formulated ratios) of the rubber 
compositions for rubber crawler of the present invention, and the physical properties of the rubber 
5 compositions for rubber crawler of the present invention are summarized in Table 6-1 and Table 6-2 shown 
below. 

Example 6-1 

70 Into a brabender plastograph set at 220" C, 50 r.p.m., 100 parts of a natural rubber (NR) with a melt 
viscosity of 1 x 10 3 g.sec/cm 2 (1 x 10 6 poise) and 1.0 part of an antioxidant of N-(3-methacryloyioxy-2- 
hydroxypropyl)-N'-phenyl-p-phenylenediamine [Noclac Q-1, Oouchi Shinko Kagaku Kogyo K.K.] were 
thrown and, after kneading for 30 seconds, 51 parts of pellets prepared by previously blending 100 parts by 
weight of a nylon 6 (trade name: 1030B, produced by Ube Kosan K.K., m.p. 221* C, molecular weight 

75 30,000) with 2 parts by weight of N-j8(aminoethyl)7-aminopropyltrimethoxysilane (trade name: KMB603, 
produced by Shinetsu Kagaku Kogyo K.K., hereinafter called Silane A) were thrown in, followed by kneading 
for 13 minutes (during this period, the temperature in the brabender was elevated to 230 °C), to obtain a 
kneaded product. The kneaded product obtained was extruded into a strand by use of a 20 mm0 extruder 
(produced by Haake Co.) having a circular die with an inner diameter of nozzle of 2 mm and a ratio of 

20 length to inner diameter (LTD) of 2, and then the extrudate was wound up on a bobbin at a draft ratio of 10 
(at speed of 38.8 m/min.) via guide rolls set at 3 m immediately below the nozzle. About 500 of the wound 
up products were bundled into a sheet (thickness about 2 mm, width about 150 mm), and the sheet was roll 
stretched to about 10-fold through a pair of rolling rolls at a roll gap of 0.2 mm and a temperature of 60 " C 
to obtain a reinforced rubber composition (masterbatch) (Sample 6-1). 

25 Thereafter, by means of a banbury. set at 90° C, 77 r.p.m., the formulation components of the recipe 
shown in Table 6-2 excluding the vulcanization accelerator and sulfur were kneaded to obtain a kneaded 
product, and subsequently the kneaded product was kneaded with an accelerating agent and sulfur on 10 
inch rolls, which was then rolled out into a sheet, followed by vulcanization in a mold to obtain a vulcanized 
product. Vulcanization was conducted at 145* C for 40 minutes. 

30 

Example 6-2 

Example 6-1 was repeated except that vinyltris(fl-methoxyethoxy)silane (trade name: KBC 1003, 
produced by Shinetsu Kagaku Kogyo K.K., silane B) in place of the silane A to obtain a reinforced rubber 
35 composition (Sample 2), and a rubber composition for a rubber crawler was obtained in the same manner 
as in Example 6-1 except for using the Sample 6-2 as the reinforced rubber composition. 

Example 6-3 

40 Example 6-1 was repeated except that 7 -methacryloxypropyltrimethoxysilane (trade name: KBM 503, 
produced by Shinetsu Kagaku Kogyo K.K., silane C) in place of the silane A to obtain a reinforced rubber 
composition (Sample 6-3), and a rubber composition for a rubber crawler was obtained in the same manner 
as in Example 6-1 except for using the Sample 6-3 as the reinforced rubber composition. 

45 Example 6-4 

Example 6-1 was repeated except that 7 -mercaptopropyltrimethoxysilane (trade name: KBM 803, 
produced by Shinetsu Kagaku Kogyo K.K., silane D) In place of the silane A to obtain a reinforced rubber 
composition (Sample 6-4), and a rubber composition for a rubber crawler was obtained in the same manner 
so as in Example 6-1 except for using the Sample 6-4 as the reinforced rubber composition. 

Example 6-5 

Example 6-1 was repeated except that 0-(3 i 4-epoxycyclohexyl)e%1trimethoxysilane (trade name KBM 
65 303, produced by Shinetsu Kagaku Kogyo K.K., silane E) in place of the silane A to obtain a reinforced 
rubber composition (Sample 6-5), and a rubber composition for a rubber crawler was obtained in the same 
manner as in Example 6-1 except for using the Sample 6-5 as the reinforced rubber composition. 
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Example 6-6 

Example 6-1 was repeated except that 52 parts of pellets previously kneaded with 4 parts of the sllane 
A per 100 parts of a nylon 6 (trade name: 1013B, produced Ube Kosan K.K., m.p. 221 # C, molecular weight 
5 13,000) were used to obtain a reinforced rubber composition (Sample 6-6), and a rubber composition for a 
rubber crawler was obtained in the same manner as in Example 6-1 except for using the Sample 6-6 as the 
reinforced rubber composition. 

Example 6-7 

10 

Example 6-1 was repeated except that the amount of the 6-nylon thrown into the natural rubber was 
changed to 100 parts to obtain a reinforced rubber composition (Sample 6-7), and a rubber composition for 
a rubber crawler was obtained in the same manner as in Example 6-1 except for using the Sample 6-7 as 
the reinforced rubber composition. 

75 

Example 6-8 

Example 6-1 was repeated except that the amount of the 6-nylon thrown into the natural rubber was 
changed to 100 parts to obtain a reinforced rubber composition (Sample 6-8), and a rubber composition for 
20 a rubber crawler was obtained in the same manner as in Example 6-1 except for using the Sample 6-8 as 
the reinforced rubber composition. 

Examples 6-9 - 6-10 

25 Rubber compositions for a rubber crawler were obtained in the same manner as in Example 6-2 except 
that the composition (formulation ratios) of the respective components were changed as shown in Table 6-2. 

Comparative Examples 6-1 - 6-3 

30 Rubber compositions for a rubber crawler were obtained in the same manner as in Example 6-1 except 
for changing the proportions (composition) of the respective components as shown in Tabie 6-2 without use 
of reinforced rubber composition. 

Comparative Example 6-4 

35 

A rubber composition for a rubber crawler was obtained in the same manner as in Example 6-1 except 
for using natural rubber and 5 parts of nylon cut fibers. The results are summarized in Table 6-2. 

Measurement of the bound rubber in the respective Samples 6-1 - 6-8 (reinforced rubber compositions) 
shown in Table 6-1 were conducted in the same manner as mentioned above. 
40 The (note 1) to (note 3) in Table 2 are as follows: 

(note 1) BR: polybutadiene (UBEPOL-BR100, produced by Ube Kosan K.K.); 

(note 2) cut fiber: nylon short fibers, diameter 20 urn, average length 2 mm 

(note 3) other formulating agents: 

zinc oxide: 3 parts, stearic acid: 2 parts, antioxidant: N-phenyl-N f -isopropyl-P-phenylenediamine: 1 part, 
45 paraffin wax 2 part, vulcanization accelerator: N-oxydiethylenebenzothiazyl-2-sulfenamide: 1 part, sulfur: 2 
parts. 
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Claims 

1. A reinforced rubber composition comprising 100 parts by weight of a vulcanizable rubber including 1 to 
100 parts by weight of fine short fibers, having an average diameter of 0.05 to 0.8 jxm of a fiber-forming 
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polyamide buried therein, and said polyamide and said rubber being bonded through a silane coupling 
agent at the interfaces of said short fibers wherein said coupling agent is present in an amount of 0.1 to 
5.5 parts by weight per 100 parts by weight of said polyamide. 

5 2. A process for producing a reinforced rubber composition comprising the steps of kneading a composi- 
tion comprising 100 parts by weight of a vulcanizable rubber, 1 to 100 parts by weight of a fiber- 
forming polyamide and 0.1 to 5.5 parts by weight of a silane coupling agent per 100 parts by weight of 
said polyamide at a temperature not lower than the melting point of said polyamide; and extruding the 
resultant kneaded product at a temperature not lower than the melting point of said polyamide and not 

70 higher than 300* C. 

3. A reinforced rubber composition comprising 100 parts by weight of an ethylene-propylene-diene 
copolymer rubber including 2 to 100 parts by weight of fine short fibers, having an average diameter of 
0.05 to 0.8 urn, of a fiber-forming thermoplastic polyamide buried therein, and said polyamide and said 

is copolymer rubber being bonded through 0.2 to 5 parts by weight (the amount based on 100 parts by 
weight of the total amount of said copolymer rubber and said polyamide) of a coupling agent at the 
interfaces of said short fibers. 4 

4. A reinforced rubber composition as claimed in claim 3, wherein the coupling agent is a silane coupling 
20 agent, a titanate type coupling agent, an unsaturated carboxylic acid or a mixture thereof. 

5. A process for producing a reinforced rubber composition which comprises the steps of kneading a 
composition comprising 100 parts by weight of an ethylene-propylene-diene copolymer rubber, 2 to 
100 parts by weight of a fiber-forming thermoplastic polyamide and 0.2 to 5 parts by weight, per 100 

25 parts by weight of the total amount of said copolymer rubber and said polyamide, of a coupling agent 
at a temperature not lower than the melting point of said thermoplastic polyamide and extruding the 
resultant kneaded product at a temperature not lower than the melting point of said polyamide. 

6. A process for producing a reinforced rubber composition as claimed in claim 5, wherein the coupling 
30 agent is a silane coupling agent, a titanate type coupling agent, an unsaturated carboxylic acid or a 

mixture thereof. 

7. A rubber composition having a high form maintenance characteristic in the unvulcanized state and a 
high modulus of the vulcanised product, comprising a reinforced rubber composition (A) comprising 

35 fine short fibers, having an average diameter of 0.05 to 0.8 urn, of a fiber-forming thermoplastic 
polyamide dispersed in a continuous phase comprising an ethylene-propylene-diene copolymer rubber, 
said polyamide and said copolymer rubber being bonded at the interfaces of said short fibers through a 
novolac type phenol resin or a coupling agent in the ratio of 0.2 to 5 parts by weight per 100 parts by 
weight of the total amount of the EPDM copolymer rubber and the polyamide, wherein the amount of 

40 said polyamide is from 2 to 70 parts by weight per 100 parts of said copolymer rubber, and a 
methylene acceptor (B) and a methylene donor (C) formulated in said reinforced rubber composition 
each in an amount of 0.1 to 10 parts by weight per 100 parts by weight of said copolymer rubber. 

8. A rubber composition as claimed in claim 7, wherein the coupling agent is a silane coupling agent, a 
45 titanate type coupling agent or a mixture of a silane coupling agent and a titanate type coupling agent. 

9. A bead filler rubber composition comprising a formulation of a reinforced rubber composition (A) 
comprising 100 parts by weight of a vulcanizable rubber including 5 to 100 parts by weight of fine short 
fibers, having an average diameter of 0.05 to 0,8 urn, of a fiber-forming- polyamide buried therein, and 

so said polyamide and said rubber being bonded through a silane coupling agent at the interfaces of said 
short fibers wherein said coupling agent is present in an amount of 0.1 to 5.5 parts by weight per 100 
parts by weight of said polyamide, a diene type rubber (B) and carbon black (C), and also satisfying the 
conditions (I) to (IV) shown below: 

55 (I) the amount of said polyamide is 2 to 20 parts by weight per 100 parts by weight of the total 

rubber component; 

(II) at least natural rubber and/or polyisoprene are/is used as the rubber component that is said 
vulcanizable rubber included in the component (A) and/or said diene type rubber (B), with the 
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proportion of the total amount of said natural rubber and/or polyisoprene being 55 to 100% by 
weight based on said total rubber component; 

(III) the amount of the carbon black is 50 to 70 parts by weight based on 100 parts by weight of said 
total rubber component; and 
5 (IV) the vulcanised product obtained has a 50% modulus of 30 kg/cm 2 or more. 

10. A tire for an automobile, which comprises using a rubber composition comprising a formulation of a 
reinforced rubber composition (A) comprising 100 parts by weight of a vulcanizable rubber including 5 
to 100 parts by weight of fine short fibers, having an average diameter of 0.05 to 0.8 Jim, of a fiber- 

10 forming polyamide buried therein, and said polyamide and said rubber being bonded through a silane 
coupling agent at the interfaces of said short fibers wherein said coupling agent is present in an amount 
of 0.1 to 5.5 parts by weight per 100 parts by weight of said polyamide, a diene type rubber (B) and 
carbon black (C), and also satisfying the conditions (I) to (IV) shown below, for the cap tread portion: 

75 (I) the amount of said polyamide is 1 to 15 parts by weight per 100 parts by weight of the total 

rubber component that consists of said vulcanizable rubber included in the component (A) and said 
diene type rubber (B); 

(II) natural rubber and/or polyisoprene are/is used as the rubber component that is said vulcanizable 
rubber included in the component (A) and/or said dlene type rubber (B), with the proportion of the 

20 total amount of said natural rubber and/or polyisoprene being 5 to 40% by weight based on said 

total rubber component; 

(III) the amount of the carbon black is 60 to 90 parts by weight based on 100 parts by weight of said 
total rubber component; and 

(IV) the vulcanized product obtained has a 300% modulus of 100 kg/cm 2 or more. 

25 

11. A rubber crawler, which comprises using a rubber composition comprising a formulation of a reinforced 
rubber composition (A) comprising 100 parts by weight of a vulcanizable rubber including 5 to 100 
parts by weight of fine short fibers, having an average diameter of 0.05 to 0.5 urn, of a fiber-forming 
polyamide buried therein, and said polyamide and said rubber being bonded through a silane coupling 

30 agent at the interfaces of said shortest fibers, wherein said coupling agent is present in an amount of 
0.1 to 5.5 parts by weight per 100 parts by weight of said polyamide, a diene type rubber (B) and 
carbon black (C), and also satisfying the conditions (I) to (IV) shown below, as the rubber material: 

(I) the amount of said polyamide is 1 to 20 parts by weight per 100 parts by weight of the total 
35 rubber component that consists of said vulcanizable rubber included in the component (A) and said 

diene type rubber (B); 

(II) natural rubber and/or polyisoprene are/ is used as the rubber component that is said vulcanizable 
rubber included in the component (A) and/or said diene type polymer (B), with the proportion of the 
total amount of said natural rubber and/or polyisoprene being 60 to 100% by weight based on said 

40 total rubber components; 

(III) the amount of the carbon black is 30 to 60 parts by weight based on 100 parts by weight of said 
total rubber component; and 

(IV) the vulcanised product obtained has a hardness of 55 to 75* as measured by a JIS K6301 type 
spring system hardness test. 

45 

Revendlcatlons 

1. Composition de caoutchouc renforcde, comprenant 100 parties en poids d'un caoutchouc vulcanisable 
contenant de 1 a 100 parties en poids de fines fibres courtes, ayant un diametre moyen de 0,05 a 0,8 
so iim, d'un polyamide fibrogene incorpore dans celui-ci, le polyamide et le caoutchouc e"tant lies par 
I'intermediaire d'un agent de liaison derive* de silane sur la surface des fibres courtes, et I'agent de 
liaison etant present selon une guantite de 0,1 k 5,5 parties en poids pour 100 parties en poids du a 
polyamide. 

55 2. Proce*de* de preparation d'une composition de caoutchouc renforcSe, selon lequel on malaxe une 
composition comprenant 100 parties en poids d'un caoutchouc vulcanisable, de 1 k 100 parties en 
poids d'un polyamide fibrogene, et de 0,1 k 5,5 parties en poids d'un agent de liaison derive* de silane, 
pour 100 parties en poids du polyamide, k une temperature non infeVieure au point de fusion du 
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polyamide ; et on extrude le produit malaxe resultant, k une temperature non InfSrieure au point de 
fusion du polyamide, et non superieure k 300 ° C. 

3. Composition de caoutchouc renforcee. comprenant 100 parties en poids d'un caoutchouc de copolyme- 
5 re Sthyfene-propyl&ne-di&ne, contenant de 2 k 100 parties en polds de fines fibres courtes ayant un 

diametre moyen de 0,05 k 0,8 urn, d'un polyamide therm op lastique fibrog&ne incorpore dans celul-ci, 
le polyamide et le copolymere caoutchouteux etant lids par I'intermediaire de 0,2 a 5 parties en polds 
(pour 100 parties en poids de la quantity totale du copolymere caoutchouteux et du polyamide) d'un 
agent de liaison, sur la surface des fibres courtes. 

10 

4. Composition de caoutchouc renforcee selon la revendication 3, dans laquelle I'agent de liaison est un 
agent de liaison derive de silane, un agent de liaison de type titanate, un acide carboxyllque insatur<§ 
ou un melange de ceux-ci. 

75 5. ProcSdS de preparation d'une composition de caoutchouc renforcee, selon lequel on malaxe une 
composition comprenant 100 parties en poids d'un caoutchouc de copolymere ethyiene-propyiene- 
dtene, de 2 a 100 parties en poids d'un polyamide thermoplastique fibrogfcne, et de 0,2 k 5 parties en 
poids pour 100 parties en poids de la quantite totale du copolymere caoutchouteux et du polyamide, 
d'un agent de liaison, k une temperature non infSrieure au point de fusion du polyamide thermoplasti- 

20 que, et on extrude le produit malaxe resultant, k une temperature non interieure au point de fusion du 
polyamide. 

6. Proc£d6 de preparation d'une composition de caoutchouc renforcee selon la revendication 5, dans 
lequel I'agent de liaison, est un agent de liaison derive de silane, un agent de liaison de type titanate, 

25 un acide carboxyllque insature ou un melange de ceux-ci. 

7. Composition caoutchouteuse ayant une bonne aptitude de conservation de forme & retat non vulcanise, 
et un module eieve sous la forme d'un produit vulcanise, comprenant une composition de caoutchouc 
renforcee (A) contenant de fines fibres courtes ayant un diametre moyen de 0,05 k 0,8 urn, d'un 

30 polyamide thermoplastique flbrogene disperse dans une phase continue comprenant un caoutchouc de 
copolymere ethyiene-propylene-diene, le polyamide et le copolymere caoutchouteux etant lies k la 
surface des fibres courtes, par I'intermediaire d'une resine phenolique de type Novolaque ou d'un 
agent de liaison, k raison de 0,2 k 5 parties en poids pour 100 parties en poids de la quantite totale du 
caoutchouc de copolymere EPDM et du polyamide, et dans laquelle la quantite du polyamide est de 2 

35 k 70 parties en poids pour 100 parties du copolymere caoutchouteux ; et comprenant un accepteur de 
groupes methylene (B) ; et un donneur de groupes methylene (C) incorpores dans la composition de 
caoutchouc renforcee, respectivement k raison de 0,1 a 10 parties en poids pour 100 parties en poids 
du copolymere caoutchouteux. 

40 8. Composition caoutchouteuse selon la revendication 7, dans laquelle I'agent de liaison est un agent de 
liaison derive de silane, un agent de liaison de type titanate, ou un melange d'un agent de liaison 
derive de silane et d'un agent de liaison de type titanate. 

9. Composition caoutchouteuse de bourrage de talon, k base d'une composition de caoutchouc renforcee 
45 (A) comprenant 100 parties en poids d'un caoutchouc vulcanisable contenant de 5 k 100 parties en 
poids de fines fibres courtes ayant un diametre moyen de 0,05 k 0,8 urn, d'un polyamide fibrogene 
incorpore dans celui-ci, le polyamide et le caoutchouc etant lies par I'lntermediaire d'un agent de 
liaison derive de silane sur la surface des fibres courtes, et I'agent de liaison etant present selon une 
quantite de 0,1 a 5,5 parties en poids pour 100 parties en poids du polyamide ; un caoutchouc 
so dienique (a) et du noir de carbone (C) ; et satisfaisant egalement les conditions (I) k (IV) mentionnees 
ci-dessous : 

(I) la quantite du polyamide, est de 2 a 20 parties en poids pour 100 parties en poids de la totalite 
du composant caoutchouteux ; 

(II) au moins du caoutchouc naturel et/ou du polyisoprene sont employes comme composant 
55 caoutchouteux formant le caoutchouc vulcanisable incorpore dans le composant (A) et/ou le 

caoutchouc dienique (B), la proportion de la quantite totale du caoutchouc naturel et/ou du 
polyisoprene, etant de 55 k 100 % en poids par rapport & la totalite du composant caoutchouteux ; 

(III) la quantite du noir de carbone. est de 50 k 70 parties en poids pour 100 parties en poids de la 
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totalite du composant caoutchouteux ; et 

(IV) le produit vulcanise obtenu a un module k 50 %, de 30 kg/cm 2 ou plus. 

10. Bandage de roue d'automobile, comprenant une chape en une composition caoutchouteuse k base 
5 d'une composition de caoutchouc renforce*e (A) comprenant 100 parties en poids d'un caoutchouc 

vulcanisable contenant de 5 k 100 parties en poids de fines fibres courtes ayant un diam&re moyen de 
0,05 k 0.8 urn, d'un polyamide fibrogene incorpore dans celui-ci, le polyamide et le caoutchouc etant 
\\6s par I'intermtfdiaire d'un agent de liaison derive* de silane sur la surface des fines fibres courtes, et 
Tagent de liaison e*tant present selon une quantite de 0,1 k 5,5 parties en poids pour 100 parties en 
io poids du polyamide ; un caoutchouc dtenique (B) et du noir de carbone (C) ; et satisfaisant egalement 
les conditions (I) k (IV) mentionnSes ci-dessous : 

(I) la quantity du polyamide, est de 1 k 15 parties en poids pour 100 parties en poids de la totality 
du composant caoutchouteux consistant en le caoutchouc vulcanisable incorpore dans le composant 

(A) et en le caoutchouc diSnique (B) ; 

75 (II) du caoutchouc naturel et/ou du polyisoprfcne sont employes comme composant caoutchouteux 

formant le caoutchouc vulcanisable incorpore* dans le composant (A) et/ou le caoutchouc dienique 

(B) , la proportion de la quantity totale du caoutchouc naturel et/ou du polyisoprene. Stant de 5 a 40 
% en poids par rapport k la totality du composant caoutchouteux ; 

(III) la quantity de noir de carbone, est de 60 k 90 parties en poids pour 100 parties en poids de la 
20 totality du composant caoutchouteux ; et 

(IV) le produit vulcanise obtenu, a un module k 300 %, de 100 kg/cm 2 ou plus. 

11. Chenille en caoutchouc, comprenant une composition caoutchouteuse k base d'une composition de 
caoutchouc renforcde (A) comprenant 100 parties en poids d'un caoutchouc vulcanisable contenant de 

25 5 k 100 parties en poids de fines fibres courtes ayant un diam&tre moyen de 0,05 a 0,8 urn, d'un 
polyamide fibrogfcne fncorpor£ dans celui-ci, le polyamide et le caoutchouc 6tant \\6s par ('intermediate 
d'un agent de liaison d^rivd de silane, sur la surface des fibres courtes, et I'agent de liaison £tant 
present selon une quantity de 0,1 k 5,5 parties en poids pour 100 parties en poids du polyamide ; un 
caoutchouc dienique (B) et du noir de carbone (C) ; et satisfaisant ggalement les conditions (I) k (IV) 

30 mentionnSes ci-dessous : 

(I) la quantity du polyamide est de 1 k 20 parties en poids pour 100 parties en poids de la totality du 
composant caoutchouteux consistant en le caoutchouc vulcanisable incorpore" dans le composant (A) 
et en le caoutchouc dienique (B) ; 

(II) du caoutchouc naturel et/ou du polyisoprfcne sont employes comme composant caoutchouteux 
35 formant le caoutchouc vulcanisable incorpore dans le composant (A) et/ou le caoutchouc dienique 

(B), la proportion de la quantite totale du caoutchouc naturel et/ou du polyisoprdne, 6tant de 60 k 
100 % en poids par rapport k la totality du composant caoutchouteux ; 

(III) la quantite de noir de carbone, est de 30 a 60 parties en poids pour 100 parties en poids de la 
totalite du composant caoutchouteux ; et 

40 (IV) le produit vulcanise obtenu, a une duret£ de 55 k 75* mesurde par un essai de duretd k I'aide 

d'un ressort selon la norme JIS K6301 . 

PatentansprUche 

45 1. VerstSrkte Kautschuk-Zusammensetzung, umfassend 100 Gew.-Teile eines vulkanisierbaren Kaut- 
schuks, der darin eingebettet 1 bis 100 Gew.-Teile feiner kurzer Fasern mit einem mittleren Durchmes- 
ser von 0,05 bis 0,8 urn aus einem faserbildenden Polyamid enthMIt, worin das Polyamid und der 
Kautschuk an den GrenzflSchen der genannten kurzen Fasem mittels eines Silan-Kupplungsmittels 
gebunden sind, wobei das Kupplungsmittel in einer Menge von 0,1 bis 5,5 Gew.-Teile auf 100 Gew.- 

50 Teile des Polyamids vorhanden ist. 

2. Verfahren zur Herstellung einer verstMrkten Kautschuk-Zusammensetzung, umfassend die Schritte des 
Knetens einer Zusammensetzung, die 100 Gew.-Teile eines vulkanisierbaren Kautschuks, 1 bis 100 
Gew.-Teile eines faserbildenden Polyamids und 0,1 bis 5,5 Gew.-Teile eines Silan-Kupplungsmittels auf 
55 100 Gew.-Teile des Polyamids umfaflt, bei einer Temperatur, die nicht niedriger ist als der Schmelz- 
punkt des Polyamids, und des Extrudierens des resultierenden gekneteten Produkts bei einer Tempera- 
tur, die nicht niedriger als der Schmelzpunkt des Polyamids und nicht hb'her als 300 * C ist. 
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3. Verstarkte Kautschuk-Zusammensetzung, umfassend 100 Gew.-Teile eines Ethylen-Propylen-Dien- 
Copolymer Kautschuks, der darin eingebettet 2 bis 100 Gew.-Teile feiner kurzer Fasern mit einem 
mittleren Durchmesser von 0,05 bis 0,8 u,m aus einem faserbildenden therm oplastischen Polyamid 
enthalt, worin das Polyamid und der Copolymer-Kautschuk an den Grenzflachen der genannten kurzen 

s Fasern durch 0,2 bis 5 Gew.-Teile (wobei die Menge auf 100 Gew.-Teile der Gesamt-Menge des 
Copolymer-Kautschuks und des Polyamids bezogen ist) eines Kupplungsmittels gebunden sind. 

4. Verstarkte Kautschuk-Zusammensetzung nach Anspruch 3, worin das Kupplungsmittel ein Silan- 
Kupplungsmittel, ein Kupplungsmittel vom Titanat-Typ, eine ungesSttigte CarbonsSure oder ein Ge- 

70 misch aus diesen ist. 

5. Verfahren zur Herstellung einer verstarkten Kautschuk-Zusammensetzung, umfassend die Schritte des 
Knetens einer Zusammensetzung, die 100 Gew.-Teile eines Ethylen-Propylen-Dien-Copolymer-Kaut- 
schuks, 2 bis 100 Gew.-Teile eines faserbildenden thermoplastischen Polyamids und 0,2 bis 5 Gew.- 

75 Teile eines Kupplungsmittels auf 100 Gew.-Teile der Gesamt-Menge des Copolymer-Kautschuks und 
des Polyamids umfaflt, bei einer Temperatur, die nicht niedriger ist als der Schmelzpunkt des 
thermoplastischen Polyamids, und des Extrudierens des resultierenden gekneteten Produkts bei einer 
Temperatur, die nicht niedriger als der Schmelzpunkt des Polyamids ist. 

20 6. Verfahren zur Herstellung einer verstarkten Kautschuk-Zusammensetzung nach Anspruch 5, worin das 
Kupplungsmittel ein Silan-Kupplungsmittel, ein Kupplungsmittel vom Titanat-Typ, eine ungesattigte 
CarbonsSure Oder ein Gemisch aus diesen ist. 

7. Kautschuk-Zusammensetzung mit einer hohen Charakteristik der Erhaltung der Form im unvulkanisler- 
25 ten Zustand und einem hohen Modul des vulkanlsierten Produkts, umfassend eine verstarkte 

Kautschuk-Zusammensetzung (A), die feine kurze Fasern mit einem mittleren Durchmesser von 0,05 
bis 0,8 urn eines faserbildenden thermoplastischen Polyamids, dispergiert In einer geschlossenen 
Phase aus einem Ethylen-Propylen-Dien-Copolymer-Kautschuk umfaflt, wobei das Polyamid und der 
Copolymer-Kautschuk an den Grenzflachen der genannten kurzen Fasern durch ein Phenol-Harz vom 

30 Novolak-Typ oder ein Kupplungsmittel im Verhaltnis 0,2 bis 5 Gew.-Teile auf 100 Gew.-Teile der 
Gesamt-Menge des EPDM-Copolymer-Kautschuks und des Polyamids gebunden sind, wobei die 
Menge des Polyamids 2 bis 70 Gew.-Teile auf 100 Gew.-Teile des Copolymer-Kautschuks betragt, und 
einen Methylen-Acceptor (B) und einen Methylen-Donator (C), die In der verstarkten Kautschuk- 
Zusammensetzung jeweils in einer Menge von 0,1 bis 10 Gew.-Teilen auf 100 Gew.-Teile des 

35 Copolymer-Kautschuks formuliert sind. 

8. Kautschuk-Zusammensetzung nach Anspruch 7, worin das Kupplungsmittel ein Silan-Kupplungsmittel, 
ein Kupplungsmittel vom Titanat-Typ oder ein Gemisch aus einem Silan-Kupplungsmittel und einem 
Kupplungsmittel vom Titanat-Typ ist. 

40 

9. Perlen-FOIIstoff-Kautschuk-Zusammensetzung, umfassend eine Formulierung einer verstarkten 
Kautschuk-Zusammensetzung (A), die 100 Gew.-Teile eines vulkanisierbaren Kautschuks, der darin 
eingebettet 1 bis 100 Gew.-Teile feiner kurzer Fasern mit einem mittleren Durchmesser von 0,05 bis 
0,8 urn aus einem faserbildenden Polyamid enthalt, worin das Polyamid und der Kautschuk an den 

45 Grenzflachen der genannten kurzen Fasern mittels eines Silan-Kupplungsmittels gebunden sind, wobei 
das Kupplungsmittel in einer Menge von 0,1 bis 5,5 Gew.-Teile auf 100 Gew.-Teile des Polyamids 
vorhanden ist, einen Kautschuk vom Dien-Typ (B) und Rufl (C) umfaflt und au/terdem die nachstehend 
aufgefUhrten Bedingungen (I) bis (IV) erfUllt: 

so (I) Die Menge des Polyamids betragt 2 bis 20 Gew.-Teile auf 100 Gew.-Teile der Kautschuk- 

Zusammensetzung Insgesamt; 

(II) wenigstens Natur-Kautschuk und/oder Polyisopren werden/wird als die Kautschuk-Komponente 
eingesetzt, die der In der Komponente (A) enthaltene vulkanisierbare Kautschuk und/oder der 
Kautschuk vom Dien-Typ (B) ist, wobei das Verhaltnis der Gesamt-Menge des Natur-Kautschuks 

55 und/oder Polyisoprens 55 bis 100 Gew.-%, bezogen auf die gesamte Kautschuk-Komponente, 

betragt; 

(III) die Menge des Rufles betragt 50 bis 70 Gew.-Teile, bezogen auf 100 Gew.-Teile der gesamten 
Kautschuk-Komponente; und 
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(IV) das erhattene vulkanisierte Produkt hat einen 50 %-Modu! von 30 kg/cm 2 Oder mehr. 

10. Reifen fOr ein Kraftfahrzeug, umfassend die Verwendung einer Kautschuk-Zusammensetzung, die eine 
Formulierung einer verstMrkten Kautschuk-Zusammensetzung (A), die 100 Gew.-Teile eines vulkanisier- 

5 baren Kautschuks, der darin eingebettet 1 bis 100 Gew.-Teile feiner kurzer Fasern mit einem mittleren 
Durchmesser von 0,05 bis 0,8 urn aus einem faserbildenden Polyamid enthSIt, worin das Polyamid und 
der Kautschuk an den GrenzflSchen der genannten kurzen Fasern mittels eines Silan-Kupplungsmittels 
gebunden sind, wobei das Kupplungsmittel in einer Menge von 0,1 bis 5,5 Gew.-Teile auf 100 Gew.- 
Teile des Polyamids vorhanden ist, einen Kautschuk vom Dien-Typ (B) und Rufl (c) umfaflt und 

10 auflerdem die nachstehend aufgefuhrten Bedingungen (I) bis (IV) fUr die Decke/Laufflache erfUllt: 

(I) Die Menge des Polyamids betragt 1 bis 15 Gew.-Teile auf 100 Gew.-Teile der Kautschuk- 
Zusammensetzung insgesamt, die aus dem in der Komponente (A) enthaltenen vulkanisierbaren 
Kautschuk und dem Kautschuk vom Dien-Typ besteht; 
75 (II) Natur-Kautschuk und/oder Polyisopren werden/wird als die Kautschuk- Komponente eingesetzt, 

die der in der Komponente (A) enthaltene vulkanisierbare Kautschuk und/oder der Kautschuk vom 
Dien-Typ (B) ist, wobei das Verhaltnis der Gesamt-Menge des Natur-Kautschuks und/oder Polyiso- 
prens 5 bis 40 Gew.-%, bezogen auf die gesamte Kautschuk-Komponente, betragt; 

(III) die Menge des Rufies betragt 60 bis 90 Gew.-Teile, bezogen auf 100 Gew.-Teile der gesamten 
20 Kautschuk-Komponente; und 

(IV) das erhaltene vulkanisierte Produkt hat einen 300 %-Modul von 100 kg/cm 2 oder mehr. 

11. Gummi-Raupenkettenfahrzeug, umfassend die Verwendung einer Kautschuk-Zusammensetzung. die 
eine Formulierung einer verstSrkten Kautschuk-Zusammensetzung (A), die 100 Gew.-Teile eines vulka- 

25 nisierbaren Kautschuks, der darin eingebettet 1 bis 100 Gew.-Teile feiner kurzer Fasern mit einem 
mittleren Durchmesser von 0,05 bis 0,8 urn aus einem faserbildenden Polyamid enthalt, worin das 
Polyamid und der Kautschuk an den GrenzflSchen der genannten kurzen Fasern mittels eines Silan- 
Kupplungsmittels gebunden sind, wobei das Kupplungsmittel in einer Menge von 0,1 bis 5,5 Gew.-Teile 
auf 100 Gew.-Teile des Polyamids vorhanden ist. einen Kautschuk vom Dien-Typ (B) und Rufl (C) 

30 umfaflt und au/terdem die nachstehend aufgefUhrten Bedingungen (I) bis (IV) erfUllt. als Kautschuk- 
Material: 

(I) Die Menge des Polyamids betragt 1 bis 20 Gew.-Teile auf 100 Gew.-Teile der Kautschuk- 
Zusammensetzung insgesamt, die aus dem in der Komponente (A) enthaltenen vulkanisierbaren 

35 Kautschuk und dem Kautschuk vom Dien-Typ besteht; 

(II) Natur-Kautschuk und/oder Polyisopren werden/wird als die Kautschuk-Komponente eingesetzt, 
die der in der Komponente (A) enthaltene vulkanisierbare Kautschuk und/oder der Kautschuk vom 
Dien-Typ (B) ist, wobei das VerhSltnis der Gesamt-Menge des Natur-Kautschuks und/oder Polyiso- 
prens 60 bis 100 Gew,-%, bezogen auf die gesamte Kautschuk-Komponente, betragt; 

40 (III) die Menge des Rufles betragt 30 bis 60 Gew.-Teile, bezogen auf 100 Gew.-Teile der gesamten 

Kautschuk-Komponente; und 

(IV) das erhaltene vulkanisierte Produkt hat eine Harte von 55 bis 75 * , gemessen mittels eines 
Feder-System-Hartetests vom Typ J IS K6301. 
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